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Activation of human B lymphocytes. VIIL Differential 
radiosensitivity of subpopulations of lymphoid cells involved in 
the polycionally-induced PFC responses of peripheral blood B 
lymphocytes. 

Fauci AS, Pratt KR, Whalen G. 

The differential effect of various doses of irradiation on subpopulations of 
human peripheral blood lymphoid cells involved in the pokeweed mitogen 
(PWM) induced PFC response against sheep red blood cells (SRBC) was 
studied. The plaque forming B cells were quite sensitive to low doses of 
irradiation with complete suppression of responses at 300 to 500 rad. On the 
contrary, helper T-cell function was resistant to 2000 rad. Co-culture of 
irradiated T cells with autologous or allogeneic B cells resulted in marked 
enhancement of PFC responses consistent with the suppression of naturally 
occurring suppressor cells with a resulting pure helper effect. Irradiated T- 
cell-depleted suspensions failed to produce this effect as did heat killed T 
cells, whereas mitomycin C treated T cells gave effects similar to irradiated 
T cells. These findings are consistent with a lack of requirement of cell 
division for a T-cell helper effect and a requirement of mitosis or another 
irradiation sensitive, mitomycin C sensitive process for a T-suppressor cell 
effect. These studies have potential relevance in the evaluation of 
subpopulations of human lymphoid cells involved in antibody production in 
normal individuals and in disease states. 
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Summ^i-y. The differential effect of various doses of 
irradiation on subpopulations of human peripheral 
blood lymphoid cells involved in the pokeweed 
mitogen (PWM) induced PFC response against 
sheep red blood cells (SRBC) was studied. The 
plaque forming B cells were quite sensitive to low 
doses of irradiation with complete suppression of 
responses at 300 to 500 rad. On the contrary, helper 
T-cell function was resistant to 2000 rad. Co-culture 
of irradiated T cells with autologous or allogeneic 
B cells resulted in marked enhancement of PFC 
responses consistent with the suppression of natur- 
ally occurring suppressor cells with a resulting pure 
helper effect. Irradiated T-cell-depleted suspensions 
failed to produce this effect as did heat killed T cells, 
whereas mitomycin C treated T cells gave effects 
similar to irradiated T cells. These findings are con- 
sistent with a lack of requirement of cell division for 
a T-cell helper effect and a requirement of mitosis 
or another irradiation sensitive, mitomycin C 
sensitive process for a T-suppressor cell effect. These 
studies have potential relevance in the evaluation of 
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subpopulations of human lymphoid cells involved 
in antibody production in normal individuals and 
in disease states. 



INTRODUCTION 

It is now well established that T lymphocytes exert 
critical regulatory influences on B-cell function in 
both animal and human systems (Gershon, 1974; 
Katz & Benacerraf, 1972; Waldmann & Broder, 
1977). Distinct subpopulations of T cells manifest- 
ing helper or suppressor function have been identi- 
fied in the mouse (Cantor & Boyse, 1975), and most 
recently Moretta, Webb, Grossi, Lydyard & Cooper 
(1977) have demonstrated functionally distinct sub- 
populations of human T cells which can be identified 
by the presence of an Fc receptor for either IgM 
(helper T cell) or IgG (suppressor T cell). 

It is generally agreed that subpopulations of 
mononuclear cells differ in their sensitivity to 
ionizing radiation (Anderson & Warner, 1976). In 
that regard, using a system of pokeweed mitogen 
(PWM)-driven immunoglobulin production by 
human B cells, Moretta et al. (1977) have shown that 
their suppressor T cells were sensitive to radiation 
while helper T cells were radioresistant. In addition, 



715 



716 



A. S. Fauci, Karen R. Pratt & Gail Whakn 



it has been demonstrated that co-culturing of 
irradiated purified human peripheral blood T cells 
with autologous or allogeneic B cells resulted in a 
significant enhancement of immunoglobulin produc- 
tion suggesting a selective inhibitory effect of 
radiation on suppressor as opposed to helper T-cell 
function (Siegal & Siegal, 1977). 

Using a recently described haemolysis-in-gel 
plaque forming cell (PFC) assay to measure PWM- 
induced antibody production against sheep red 
blood cells (SRBC) by human peripheral blood B 
cells (Fauci & Pratt, J 976a), we have shown this 
system to be dependent on T cells (Fauci, Pratt & 
Whalen, 1976) and to operate by a balance between 
helper and suppressor phenomena (Haynes & 
Fauci, 1977; Fauci et al., 1977). 

In the present paper, we demonstrate the com- 
paratively exquisite radiosensitivity of the plaque- 
forming B cell compared to the relative radio- 
resistance of the helper function of unfractionated 
mononuclear or purified T-cell suspensions in this 
assay. 

MATERIALS AND METHODS 

Cell suspensions 

Heparinized venous blood was obtained from 
normal adult donors and mononuclear cell sus- 
pensions were obtained by standard Hypaque- 
Ficol! density centrifugation. Mononuclear cell 
suspensions that were either enriched or depleted of 
T lymphocytes were obtained by sheep erythrocyte 
(E) resetting of lymphocytes followed by separation 
of rosetted and non-rosetted cells by centrifugation 
over Hypaque-Ficoll gradients as previously des- 
cribed in detail (Fauci et ai, 1976). T-cell enriched 
suspensions generally contained between 95% and 
100% T cells, while T-cell depleted suspensions con- 
tained less than 0-5% T-cells with approximately 
45 to 53% B cells and an enrichment of monocytes 
to approximately 40 to 45%. Monocytes and sub- 
populations of lymphocytes were identified by 
previously described techniques (Fauci et aL, 
1976). 

Irradiation of cell suspensions 

In various experiments, either unfractionated 
mononuclear cell suspensions, T-cell enriched or 
T-cell depleted suspensions were irradiated with a 
wide dose range of A^-irradiation from 25 rad up to 



10,000 rad. The source of radiation was a Philips 
250 kVp dual head A'-ray system. 

Following radiation, cells were washed once in 
RPMI-1640 media (Grand Island Biological Co., 
Grand Island, NY) and resuspended in fresh media 
for culture as described below. 

Mitomycin C treatment and heat killing 
In certain experiments, cell suspensions were either 
pretreated with mitomycin C (Sigma Chemical Co., 
St Louis, MO), 40//g/ml for 45 min at 37° or were 
heated at 56° for 45 min. 

Cell cultures 

Culture conditions for the generation of anti-SRBC 
PFC responses following polyclonal activation of 
human peripheral blood lymphocytes with PWM 
have been described in detail (Fauci & Pratt, 1976a). 
Briefly, cells were cultured in RPMI-1640 containing 
1 % trypticase soy broth, 2 mM L-glutamine, lOOu 
of penicillin per ml, 100 //g of streptomycin sulphate 
per ml, and supplemented with 10% pooled human 
AB or A serum absorbed twice with SRBC. Cul- 
tures were carried out in 12x75 mm plastic tubes 
(Falcon Plastics, Oxnard, CA) at a density of 
2x 10^ cells in J ml. Cultures were incubated on a 
rocker platform (7 cycles/min) for 6 to 7 days at 
37° in 5% CO2 in air at 100% humidity. Cultures 
were stimulated either with PWM in a wide concen- 
tration range (1/20 through 1/10,000 final dilution) 
or media alone as control (background PFC). In 
experiments in which irradiated cells were co- 
cultured with unirradiated cells, I x 10^ cells of each 
suspension were cultured to keep the cell density 
constant at 2 x 10^ cells in 1 ml. The same was done 
in co-cultures with mitomycin C treated or heat 
killed cells. 

Data are expressed as PFC per 10** cells. In 
certain of the co-culture experiments where indi- 
cated, data are expressed as expected PFC response 
per 10* cells compared to observed PFC response 
per 10* cells. Expected PFC response is based on the 
individual responses of each fraction of the co- 
culture when cultured alone. 

Assay for PFC 

At the end of the culture period (6-7 days), cells 
were harvested and assayed for direct PFC against 
SRBC by an ultrathin layer haemolysis-in-gel 
technique as previously described in detail (Fauci & 
Pratt, i976a; Fauci & Pratt, 1976b). 
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responses of unirradiated and irradiated 
^''''u^^v.es to stimulation with the mitogens 
•^Cemagglutinin (PHA) and PWM were de- 
l*'' .Hn microtitre plates by incorporation of 
thymidine as previously described (Fauc. 

1975). 

SiTot^red by the Student's . test or by 
^ paired sample / test where indicated. 

RESULTS 

Effect of irradiation on PFC responses 
The effect of directly irradiating the responding cell 
lonulations on the PWM-induced PFC responses .s 
Kwn in Fig. 1. The PFC responses are quite 
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Figure 1. Effect of various doses of irradiation on PWM- 
induced PFC responses in human peripheral blood mono- 
nuclear cells. Unfractionatcd mononuclear cells were .r- 
radiated with from 300 to 2000 rad and subsequently cultured 
in the presence of PWN*. After 6 days, cultures were harvested 
and assayed for PFC responses against SRBC. Data repre- 
sent the mean ( ±SEM) of 10 separate experiments. 

sensitive to low doses of irradiation with a marked 
diminution at 300 rad and a virtually complete 
suppression of PFC responses at 500 rad or greater. 
After exposure to 2000 rad, the cell viabilities re- 
mained between 75 and 95% after 6 days in 
culture with only a slight decrease m cell yield. 
Blastogenic responses to PHA and PWM were also 
markedly decreased by irradiation as shown in 

Fig. 2. „ 
It is of interest that despite the fact that PFC res- 
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Fi2ure 2. Effect of irradiation on the blastogenic response of 
human peripheral blood lymphocytes. Mononuclear cell 
suspensions were irradiated with various doses of irradiation 
and blastogenic responses were measured foUow.ng st.mula- 
Uon with PHA (3 day cultures) and PWM (5 day). Blasto- 
eenic responses were measured by the incorporation of 
fritiated thymidine, ^c.p.m. equals the c.p.m. of sfmu^ted 
ultures minus the c.p.m. of unstimulated cultures. Data 
represent the mean (±SEM) of 5 separate experiments. 
PHA, open columns; PWM, filled columns. 

ponses were markedly decreased with 300 rad and 
completely suppressed with 500 rad in all individuals 
tested quite variable results were seen at very low 
doses 'of irradiation. As shown in Table 1, some 
individuals had an enhancement of PFC responses 
at very low doses (25 to 100 rad) with the usual 
suppression at higher doses. However, when mean 
responses of several individuals at different lower 
doses of irradiation were examined, there was no 
dose at which significant enhancement was observed. 

Effect of co-cuUuring unirradiated cells with various 
fractions of irradiated cells 

The effect of co-culturing 1 x 10« unirradiated, 
unfractionatcd mononuclear cells with 1x10' 
irradiated autologous T cells is shown in Fig. 3 
When unirradiated T cells were co-cultured with 
autologous unirradiated mononuclear cells there was 
no significant difference between expected and 
observed PFC responses. The co-culture of unirradi- 
ated cells with autologous T cells which had been 
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Table 1. Effect of low doses of in vitro irradiation on PFC responses in normal 
human peripheral blood 



Subject 






PFC 


per 10^ 


lymphocytes* 


(rad) 




No irradiation 


25 


50 


100 


200 


300 


500 


I 


140 


725 


120 


225 


90 


18 


0 


2 


6 


45 


195 


600 


33 


0 


0 


3 


156 


195 


219 


99 


57 , 


36 


0 


4 


100 


54 


2 


0 


0 


0 


0 


5 


93 


176 


30 


19 


0 


48 


0 


6 


49 


79 


14! 


114 


12 


15 


2 


7 


85 


27 


18 


16 


1 


20 


0 



♦ Cell suspensions were irradiated and then cultured in the presence of PWM 
for 6 days. Viabilities at the end of culture were 85 to 90%. 



irradiated with 300 to 500 rad resulted in an obvious 
trend towards enhancement of responses which fell 
just short of statistical significance (P>0 05) by a 
paired sample V'-test. However, the co-culturing of 
unirradiated mononuclear cells with T cells pre- 
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treated with 1000 to 2000 rad resulted in a mark 
enhancement of expected responses (/'<0 01). 
same phenomenon was observed although 
consistently when mononuclear cells were < 
cultured with allogeneic irradiated T cells (Fig. 
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Figure 3. Effect of co-culture of irradiated T cells with 
autologous unfractionated mononuclear cells. Irradiated 
and unirradiated cells were co-cultured at a ratio of I : i. 
Data are given as the comparison of the expected PWM- 
induced PFC response compared with the observed response. 
Data represent the mean ( ±SEM) of seven separate experi- 
ments. Expected PFC response, open columns; observed 
PFC response, filled columns. 



Figure 4, Effect of co-culture of irradiated T cells with ; 
allogeneic unfractionated mononuclear cells. Conditions ! 
were the same as in Fig. 3. Data represent the mean ^ 
( ± SEM) of nine separate experiments. Expected PFC res- 
ponse, open columns; observed PFC response, filled columns.. ■ 

The addition of unirradiated allogeneic T cells to 
PWM stimulated mononuclear cells resulted in no 
significant differences in mean expected and ob- 
served PFC responses (P>0 2). However, the co- 
culture of mononuclear cells with allogeneic T cells i 
irradiated with 1000 to 2000 rad resulted in signifi 
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(^nt enhancement over expected PFC responses 
(P<0 05). 

The same effect, although less consistently was 
observed when autologous, irradiated unfrac- 
tionated mononuclear cells instead of T cells were 
used, i.e. significant enhancement was observed 
(/><0 01). However, it should be pointed out, that 
as shown above, allogeneic irradiated T cells were 
essentially as effective as autologous irradiated T 
cells in enhancing PFC responses of B cells. This 
was not the case with allogeneic irradiated un- 
fractionated mononuclear cells. They failed to 
consistently supply the same degree of enhancement 
as autologous irradiated unfractionated cells. 

Irradiated T-cell depleted fractions, either auto- 
logous or allogeneic failed completely to enhance 
pFC responses, and in many cases actually sup- 
pressed the responses. 



Mitomycin C treatment and heat killing 

Similar enhancing effects were observed when T cells 
were treated with mitomycin C rather than irradia- 
tion prior to co-culture. As shown in Table 2, 
addition of mitomycin C treated T cells to culture 
resulted in enhanced PFC responses in two of three 
experiments. 

Neither significant enhancement nor suppression 
of PFC responses was observed when heat killed T 

Table 2. Effect of co-culture of unfrac- 
tionated mononuclear cells with mito- 
mycin C treated T cells on PFC responses 



PFC per 



Subject 


Cells added 


lymphocytes 


1 


T* 


137 




T„ct 


260 


2 


T 


167 




Tmc 


480 


3 


T 


125 




Tmc 


129 


4 


T 


75 




Tmc 


375 



* T, Fresh untreated autologous T 
cells preincubated with media alone. 

t Tmc, Autologous T cells which had 
been preincubated with 40 ^/g/ml of 
mitomycin C for 45 min at 37'', washed 
four times and then added to culture. 
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cells were co-cultured with PWM stimulated mono- 
nuclear cells. 



DISCUSSION 

The present study demonstrates that functional sub- 
populations of human peripheral blood lymphoid 
ceils engaged in the PFC response following poly- 
clonal activation are differentially sensitive to various 
levels of irradiation. The antibody forming cell itself 
is quite sensitive to relatively low doses of irradiation 
as 300 rad markedly suppressed PFC responses while 
500 rad consistently abolished responses. We have 
previously shown this PWM -induced PFC system to 
be T-cell dependent (Fauci et of., 1976) and to 
operate by a balance between *helper' and 'sup- 
pressor' phenomena (Fauci et aL, 1977; Haynes & 
Fauci, 1977). In this regard, the present data clearly 
demonstrate that in co-culture experiments T-cell 
helper effects are radioresistant to as high as 2000 
rad. These findings are in agreement with those 
reported for the radioresistance of helper T cells in 
PWM-induced intracytocytoplasmic immunoglobu- 
lin production (Siegal & Siegal, 1977) as well as for 
the radioresistance of functional helper T cells 
identified by the presence of an Fc receptor for IgM 
and the radiosensitivity of functional suppressor T 
cells identified by the presence of an Fc receptor for 
IgG(Morettaera/., 1977). 

We have further shown that irradiated T cells 
can also enhance the PFC responses of allogeneic 
B cells. This allows a convenient and reproducible 
method for separately evaluating B-cell function and 
helper T-cell function in various patient groups by 
allogeneic co-culture experiments. 

Since unfractionated mononuclear cells contain 
predominantly T cells, one might expect that co- 
culture of irradiated unfractionated mononuclear 
cells with unirradiated unfractionated mononuclear 
cells would also result in enhancement of responses 
by a selective helper effect. Indeed, we found this to 
be the case. However, significant and consistent 
enhancement was only seen with autologous co- 
cultures of unfractionated mononuclear cells and 
not with allogeneic co-cultures as was seen with 
allogeneic irradiated T cells. The reason for this is 
unclear; however, it is possible that the strong mixed 
leucocyte reaction which one would expect against 
the non-T cells in the allogeneic irradiated un- 
fractionated mononuclear cells and not against the 



720 



A. S, Fauci, Karen R. Pratt & Gail Whalen 



pure T cells in the allogeneic irradiated T cell sus- 
pensions masked the helper effect. 

It is of interest that in some individuals very low 
doses of irradiation delivered directly to the res- 
ponding cell population (Table 1) resulted in 
enhancement of PFC responses with complete sup- 
pression of responses at higher doses of irradiation. 
Although it seems, in general, that human B cells 
are more sensitive to irradiation than are suppressor 
T cells, it is possible that a subpopulation of sup- 
pressor cells in some individuals are even more 
sensitive to irradiation than are B cells, resulting in 
the occasional enhancement of responses seen at 
doses of irradiation lower than those which directly 
suppress B-cell function. 

The similarity of this helper effect with mitomycin 
C treated T cells and not with heat killed T cells 
strongly suggests that live T cells whose division or 
mitosis has been blocked are necessary for shifting 
the balance towards pure helper effect. However, it 
must be emphasized that irradiation and mitomycin 
C treatment besides interfering with mitosis can have 
multiple effects on cells, many of which are not 
understood. Thus, it is possible but not absolutely 
certain that the mechanism of supplying 'pure help' 
with irradiated T cells is by interfering with the mito- 
sis which is necessary for suppressor T cells to fully 
express their function. The complexity of this issue of 
mitosis and suppressor cells has recently been em- 
phasized in the mouse model (Tse & Dutton, 1977). 

It should also be pointed out that other non- 
specific factors may simulate helper effects. The 
occasional enhancement seen when heat-killed cells 
or cells irradiated with 10,000 rad resulting in 
markedly decreased viability (data not shown) were 
added in co-culture may well be due to the non- 
specific adjuvant effects of nucleic acid degradation 
products released by dead cells (Braun, 1965). How- 
ever, it is clear that a consistent and reproducible 
helper effect is seen in co-cultures with normal 
irradiated (2000 rad) autologous or allogeneic T 
cells whose viabilities are not significantly decreased. 

Thus, this system has potential clinical relevance 
in the evaluation of functional capabilities of sub- 
populations of human lymphoid cells involved in 
antibody production. 
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Clinical Response of a Patient With Diffuse Histiocytic 
Lymphoma to Adoptive Chemoimmunotherapy Using 
Cyclophosphamide and Alloactlvated Haploidentlcal 

Lymphocytes 

A Case Report and Phase I Trial 

Omcrr 55:552-560, 1985. 

therapy. First, adequate numbers of appropriately sensi- 
tized lymphocytes must be transferred to animals with a 
mmimal number of residual tumor cells. For example 
2X10' immune lymphocytes given to a leukemic 
mouse when in a temporary remission can be curative.* 
Secondly, one must overcome the tumor-generated sup- 
prwsor T-cell sj«tem, which can affect the antitumor 
acuvity of either endogenous or adoptively transfeircd 
immune cells.' Cyclophosphamide (CPM) given before 
lymphocyte infusions can eliminate this suppressor pop- 
ulation, resulting in an antitumor response not seen with 
CPM alone.'-* 

Extrapolation from murine studies indicates that on 
the basis of body mass, at least I0'« immune human 
lymphocytes would be required to obtain a comparable 
immunotherapeutic response in patients with cancer. 
Until recenUy, in vitro culturing and expansion of this 
number of cells has been virtually impossible, but with 
the combined use of leukapheresis, bulk culture prim- 
mg. and T-ceU growth factor (TCGF). it is now possible 
to obtain lO'" in vitro activated human T-lymphocytes. 

Our pilot study' investigated the use of alloactlvated 
syngeneic lymphocytes from a healthy donor to his 
identical twin with relapsed acute myel monocytic leu- 



CURE OF transplanted, experimentally induced ani- 
mal tumors can be accomplished by the infusion 
Of appropnately sensitized lymphocytes.'-* Animal 
models have deUneated those conditions necessary to 
obtain a therapeutic response using adoptive immuno- 
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Table I. Characteristics of Patients Receiving Adoptive Chemo-Immumrtbcfapy 



Patient 



identification 


Sex/age 


Diagnosis 


A 


M/16 


Osteogenic sarcoma 


B 


M/43 


Acute myelomonocytic leukemia 


C 


F/35 


Recurrent malignant melanoma 


D 


M/46 


Recurrent malignant melanoma 


E 


F/50 


Recurrent malignant melanoma 


F 


M/57 


Diffuse histiocytic lymphoma Stage IVA 



Previous therapy 
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Relationship 
of donor to 
patient 



Surgical amputation 

Chemotherapy 

Chemotherapy 

Radiation therapy 

Surgery 

Interferon 

Surgery 

Radiation therapy 

Surgery 

Chemotherapy 

Interferon 

Chemotherapy 



Mother 

Sister 

Brother 

Son 

Son 



(1) Daughter 

(2) Son 



kemia. Donor lymphocytes were sensitized with alio- 
antigens in vitro, expanded in TCGF, and infused intra- 
venously and intraperitoneally. No immediate toxicities 
were noted following either infusion, but the patient's 
death from sepsis unrelated to the infusion precluded 
any extensive evaluation of delayed toxicity or therapeu- 
tic benefit. 

This report presents the results of a Phase I trial of 
adoptive chemoimmunotherapy in six patients with 
cancer unresponsive to conventional treatment. 

Patients and Methods 

Patient and Donor Selection 

Patients in this study had histologically documented 
malignancies unresponsive to conventional and other 
experimental therapy. The clinical characteristics of the 
SIX patientsstudicd and the relationship of the patients to 
their donors are listed in Table I. All were ambulatory 
and had not received treatment for at least 2 weeks be- 
fore entry. Criteria for acceptance included no clinical 
evidence of uncompensated congestive heart failure, 
stable hematologic (absolute neutrophil count a lOOO 
platelet count a 100,000), renal, heputic, and pulmo^ 
nary (FEV,/FVC a50%, Oj saturation s90%) func- 
tions. The availability of a healthy histocompatibility 
antigen (HLA>-haploidentical first-degree relative will- 
ing to undergo leukapheresis was also necessary. In those 
cases where HLA haploidentity could not be based on 
hereditary factors (i.e., siblings), HLA typing was used. 
All patients and donors signed informed consent forms 
approved by the University of Wisconsin Human Sub- 
jects Committee. 

Lymphocyte Collection 

Donor peripheral blood lymphocvtes (PBL) were ob- 
tained as the buffy coat by-product of platelet pheresis 



(Badger Red Cross. Madison, WI). Centrifugation at 
400 X g separated the buffy coat layer from the platelet- 
rich plasma. Separation of the lymphocytes from the 
leukocyte pool was done by FicoU-lsopaque (Sigma, St. 
Louis) density gradient followed by washiqg of the cells 
with phosphate-buffered saline. The lymphocytes were 
then resuspended in HS-RPMI (medium RPMI-1640 
supplemented with 10% pooled human serum, L-gluta- 
mme, penicilUn, and streptomycin). This same process 
was used in obtaining lymphocytes from ten healthy 
unrelated volunteer platelet donors. These lymphocytes 
were combined and irradiated (2500 rad) in order to 
serve as the "pool" of alloantigen-piesenting cells. 

Generation ofT-Cell Growth Factor 

Pooled irradiated PBL from six unrelated donors ob- 
tained randomly from the Badger Red Cross were cul- 
tured at 10* cells/ml in the presence of 1% PHA (Difco, 
Detroit, MI) and 10' cells/ml of irradiated, aUpgeneic, 
Epstein-Barr Virus (EBV)-transformed lymphoblastoid 
ceU line cells. These were cuhurcd in RPMI medium as 
modified above, but containing only 1% human serum. 
Supematants were collected at 48 hours, filtered, and 
tested for potency as described previously.'** 

Bulk Culture and TCGF Expansion 

Haploidentical donor lymphocytes were initially 
stimulated in mixed lymphocyte culture (MLC) with 
irradiated cryopreserved pooled lymphocytes." In 250- 
ml flasks (Falcon, Oxnard, CA), 25 X 10* haploidentical 
donor lymphocytes were cuhured with 25 X lOfi irra- 
diated (2500 rad) pooled stimulating lymphocytes in 
50 ml HS-RPMI, modified as described above. Multiple 
replicate flasks were cultured for each infusion. In the 
four patients (Patients A, B, C, and D) where cryopre- 
served autologous tumor cells were available, they were 
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inadiatod (4000 rad) and added as stimulating cells 
(1 X 10« cell^flask for Patients A and B; 1 X 10> cells/ 
flask for Patient C and 1 X 10* cells/flask for Patient D) 
to flasks containing 25 X 10« donor lymphocytes and 
25 X 10« irradiated pooled stimulating lymphocytes. 
FoUowing cuhuriog for 6 days at 37«C in 5% CO, , the 
lymphocytes were harvrated, washed twice, and resus- 

pended in serum-ftecRPMI. These lymphocytesare des- 
ignated MLC-activated cells. 

In tiiose patients in whom infusion of lymphocytes 
expanded in TCGF was planned, a portion of the MLC- 
acUvated donor cells were continued in culture with HS- 
RPMI and 25% to 50% TCGF at 10» cell^ml. Multiple 
250-ml flasks containing 100 ml of tiiis cell suspension 
were cultured for each patient. Aaer 6 days of culturing 
these lymphocytes, designated "TCGF-expanded cells," 
were harvested, washed, and resuspended in the same 
manner as the MLC-activated cells. To assure sterility, 
microbiologic cuhuring was done selectively before each 
mfusion. 

Experimental Design 

Before each infusion of MLC ceUs, patients received 
mtravenous CPM at a dose of 800 mg/m'. Twenty-four 
hours after CPM, MLC-generated lymphocytes were 
given by mtravenous infusion. Each irfusion was carried 
out over 1 hour. The lymphocytes were delivered 
through mtravenous tubing with the inteiposition of a 
blood transfusion filter to remove any small clumps of 
cells. All patients (except Patient A) received TCGF-ex- 
panded lymphocytes by intravenous infusion 7 days 
later. Four weeks after tiiis first cycle. Patients E and F 
were given additional cycles of CPM, followed by MLC 
cells and tiien TCGF-expanded lymphocytes. 

Radioactive Indium ('"In) Scanning 

Witfi each infiision. 1 X 10« cells were cultured witfi 
500 to 600 /Ci of indium 1 1 1 ('''In>oxine for 30 min- 
utes, washed in sterile normal saline, and mixed wiUi the 
remainder of lymphocytes to be infused. Viability, as 
judged by dye exclusion, was greater tiian 90%. Sequen- 
tial gamma camera scans were done 1 to 2 houre follow- 
mg tiie completion of each infiision and at approxi- 
24 and 48 hours postinfusion. Before the 
TCGF-expanded lymphocyte infusion, scanning was 
done to account for background counts from the pre- 
vious MLC infusion. 

Toxicity Evaluation 

.u^^i^^^^ hospitalized beginning on Uie day of 
the CPM infiision and for 2 days foUowiqg the cell infu- 
sion. Pretreatment physical examination, chest roent- 
genogram, pulmonary fimction test, and complete Mood 



count with differential, platelet count, and multiphasic 
blood analysis served as baseline. Ear oximetry for O, 
saturation was performed before and approximately 4 
hours after each ceU infiision. Physical examination and 
chmcal and laboratory assessment (hiemogram and mul- 
tiphasic blood analysis) were performed daily during 
hospitalization and at weekly clinic visits. 

In Vitro Testing 

Donor lymphocytes for each patient were cultured as 
responding cells for 7 days with media, irradiated autol- 
ogous lymphocytes (DonorJ, pooled allogeneic lympho- 
cytes (Pool,), lymphocytes fi-om a single unrelated indi- 
vidual (XJ, and the patient's lymphocytes (PatienU. 
Responders and stimulators were botii at 1 X 10^ cells/ 
0.25 cc well (Flow, McLean, VA) and done in quadru- 
phcate. Proliferation was measured by 6-hour 'HTdR 
incoiporation (New England Nuclear, Boston, MA) 

Both MLC-activated and TCGF-exoanded cells were 
tested for cytotoxic function usiog a 4-hour Chromium 
51 ("Cr)-releasc assay described elsewhere." Taigets in- 
cluded lymphocytes from tiie donor, the patient an 
unrelated individual and, when available, the patient's 
tumor. Cytotoxicity was determined in 0.25-mI micro- 
we Us with 5 X 10» taigets and 1.5 X 10» effectors per 
well. *^ 

Results 

Lymphocyte Recovery From Leukapheresis and 
Cell Culture 

The total number oflymphocytes obtained fix)m each 
donor following leukapheresis and Ficoll purification 
ranged fix)m 2.8 X 10» to 7.6 X lO* (mean, 5.1 X 10») 
Pfercent recovery following alloactivation in MLC 
ranged from 75% to 333% (mean, 185%). After expan- 
sion witii TCGF, recovery ranged from 210% to 925% 
(mean, 587%) of tiie initial number of cultured cells. 
Two donors were required for Patient F. FoUowing al- 
loactivation of the patient's daughter's cells, poorexpan- 
sion with TCGF resulted in insuflicient lymphocyte 
numbers for infusion. The patient's son was subse- 
quentiy used for two complete cycles with good in vitro 
lymphocyte recovery and function. 

Cyclophosphamide Dose and Cell Infusion 

All patients received CPM (800 mg/m^) on the first 
day of each cycle. Twenty-four houre after CPM, MLC- 
generated lymphocytes were given by intravenous infu- 
sion (Table 2). 

Seven days after Uie infiision of alloactivated lympho- 
cytes, TCGF-expanded lymphocytes wer- inftised. The 
first patient (Patient A) was scheduled to receive only 
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Patient 










A 


B 


c 


D 






F(l) 


F(2) F(3) 


Dose of cyclophosphamide 
(Day « Oof each cycle) 
No. of MLC-generated 
cells infused x 10^ 
(Day o 1 of each cycle) 
No, ofTCGF^pandcd 
lymphocytes infused 


t.3g 
0.5 


1.8 g 
0.5 


1.5 g 
2.1 


1.4 g 
4.7 


1.3 g 
3.4 


«.3g 
4.8 


1.5 g 
1.0 


> 5g 1.5 g 
4.8 11.0 


X 10' 

(Day ° 8 of each cycle) 




0.5 


0.8 


0.9 


2.3 


3.0 




3.7 15.0 


Total no. of cells infused 
X 10' 


0.5 


1.0 


2.9 


5.6 


13.5 






35.5 


Numbers in parentheses denote cycle in those patients receiving mul- 
tiple cycles. 


MLC: mixed lymphocyte culture; TCGF: 7-cell growth factor. 



MLC cells. Inadequate cell recovery prevented the infu- 
sion of TCGF-expanded cells for Patient cycle F( 1 ). The 
cell dose of each infusion, as well as the* total number of 
cells infused, progressively increased with each patient. 
Patient F received a total of 35.5 X 10' cells with single 
infusions of 1 1.0 X 10« and 15.0 X 10' MLC-activated 
and TCGF-expanded cells, respectively, in the third 
cycle. 

Toxicity 

The anticipated nausea and vomiting for 24 to 36 
hours following the administration of CPM was experi- 
enced by all patients. Delayed toxicities from CPM in- 
cluded declines in both leukocyte and platelet counts. In 
no case did the absolute neutrophil count drop below 
500/mm^ and no infectious complications were seen. 
Platelet count depression was minimal, and nadirs were 

never below 100,000/mm^ Two patients, PatientsCand 
E, complained of minimal hair loss. 

No immediate toxicities accompanied the adminis- 
tration of either alloactivatcd or TCGF-expanded lym- 
phocytes. Blood pressure and pulse, checked frequently 
during each infusion, showed no appreciable changes. 
Ear oximetry done before and 4 hours after each of the 
cell infusions showed a mean decrease of 1.3% in Oj 
saturation (range, 0%.5%). No patient reported dysp- 
nea, cough, or chest pain during or after the infusion. 
Chest roentgenograms of the first two patients 24 hours 
after infusions showed no evidence of pulmonary infil- 
trates. 

A transient febrile response (temperature (T) > 38X) 
was noted following 3 of the 16 ceU infusions. This was 
seen following the MLC-activated cell infusion in Pa- 
tient C and after both the MLC-activated and TCXjF- 
expanded cell infiisions for Patient F(3). The febrile 
reaction was accompanied by chffls in Patient F. Micro- 



biologic culturing of blood and urine were negative, and 
there was no evidence of hemolytic reaction. In both 
cases the patients were afebrile within 4 to 6 hours using 
acetaminophen as the only treatment 

Of the five patients receiving cell infusions through 
peripheral lines (Patient B had a Hickman catheter), four 
developed erythema and induration along the venous 
track of the intravenous injection site 12 to 24 hours after 
lymphocyte infusions. Gamma camera scanning of the 
involved area revealed marked '"In^^xine activity cor- 
responding to the venous path and the area of erythema 
(Fig. 1). This suggested a delayed-type hypersensitivity 
reaction to the endothelial cells of the vein by the alloac- 
tivatcd haploidentical cells entering in a concentrated 
suspension at that site. Warm packs were used to treat 
affteted patients, with one patient requiring additional 
topical steroid cream. No permanent scarring or desqua- 
mation was noted. 

No evidence of graft versus host (GVH)-related com- 
plications were noted in any of the patients. A single 
patient (Patient E) had watery, nonbloody diarrhea as 
the only symptom 4 hours after the infusion of both 
MLC-activated and TCGF-expanded cells. Diarrhea re- 
solved within 2 hours without treatment, and subse- 
quent bowel movements were normal. Liver ftinction 
tests for all patients showed minimal variation with no 
consistent or significant change. 

Distribution of Lymphocytes 

Sequential gamma camera scans were done 1 to 2 
hour^ after the completion of each infusion and at ap- 
proximately 24 and 48 hours postinfiision. Representa- 
tive scans from a single patient following an MLC-acti- 
vated cell infusion are shown (Figs. 2A-2D). The mean 
percent radioactivity (Fig. 3) shows a marked immediate 
uptake by the lungs of the "'In-oxine. Over a period of 
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i.f L '•.''*'^y«' hypersensitivity reaction caused by alloactivated 
ymphocytes. Gamma camera scan at 24 hours of leA arm of Patient D 
increased uptake of '"In^xine-labeled lymphocytes along 
peripheral vein. The arrow indicates the intravenous site. Lileft lung- 




.=L^-'!?f n'^'^^ u^l!.''!!.''^ samma camera scans from Patient D 
taken following the MLC infusion. Scans A, B, and C are posterior 
viev^ofthom and upper abdomen. (A^ 

?5 h^ll^J^'^r ^ of radioactivity |«alized in both IuSb a" 
liver and spleen. (C) By 46 hours, a further decieai 
shows "'InK)x.ne aaivity corresponding to the bone marrow 





MLC TCGF 


Lung 


^ A 


Liver 


o • 


Spteen 


o • 


Marrow 


O 4 


Kidney 


V t 


MLC 




TCGF 






Day Following Infusion 



Fig. 3 Summation of "»In.oxine.|abeled lymphocyte disiribmion 
pattern after MLC and TCGFcell infusions. The ^rcent radioacS 
in each organ was determined by initially obtaining counts for a de- 
fined area (pixel). The counts/pixel were then multiplied bv a volume 
for each organ standardized for a 70-kg man. Pulmonary counts were 
obtamcd for both the right and left lung, and the mean for the two 
frntS^ J I obtained by summing the counts/pixel 

from the lungs, liver, spleen, marrow, and kidneys. Courts from each 
organ as a percentage of the total counts could then be determined 
Calculations for percent radioactivity after TCGF-cxpandcd cell infu- 
sion required adjustment for background radioactivity remaining 
from the previous week's MLC infusion and a decay factor. 

24 hours, a decrease in pulmonary activity is accompa- 
nied by a progressive rise in hepatic activity. Smaller but 
easily detectable increases in activity over the 48 hours 
were seen in the marrow and spleen. No difference in the 
patterns of distribution between MLC-activated or 
TCGF-expanded cells could be demonstrated. 

In Vitro Tesiing 

Primary mixed leukocyte culture (Table 3) demon- 
strated good proliferative responses by lymphocytes 
from all but one of the donors tested. Lymphocytes from 
the donor for Patient D showed poor in vitro responses, 
which may have been an artifact of that day's assay, since 
a good recovery (260%) of donor lymphocytes followed 
bulk culture priming. 
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Table 3. IfaUferative Responses of Donor Lymphoi,^ in Primaiy MLC 
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Responding 
ceU 



Donor 
Donor 
Donor 
Donor 
Donor 



DonOT lymphocytes for patient infiision 



Stimulating 
ceU 



E(l) 



cpm 'H-thymidine 



Media 
Donora 
Pool. 

Patient. 



967 
720 

39.075 
2118 

21,169 



1073 
1385 

78,997 
135,244 

19,568 



1094 
978 

46,886 
490 

40.683 



205 
NT 
166 
270 
NT 



139 
298 
H088 
27,739 
23,519 



144 
196 
100,767 
36.862 
26.267 



162 
165 
15,645 
25,774 
31.757 



H(2) 



2881 
758 
80,246 
39,655 
12,075 



R3) 



1269 
NT 
23.848 
19,987 
NT 



Donor lymphocytes for each patient were cultured as responding cells 
for 7 days with media, irradiated autologus lymphocytes (Donor J. pooled 
allogeneic lymphocytes (Pool,), unrelated lymphocytes (X,) or the pa- 
tient's lymphocytes (Patient,). Respondeis and sttmulatois were both 



at I X lO' ceIls/0.25 ml well and done in quadrupticate. ProliferaUon 
was measured by 6-hour 'H-thymidine incorporation. 
NT: not tested; MLC; mixed lymphocyte culture. 



The cytotoxic activity of the MLC-activated and 
TCGF-expanded lymphocytes is shown in Table 4. For 
each infusion, cytotoxic activity by cither MLC-acti- 
vated or TCGF-expanded donor lymphocytes could be 
demonstrated to either the patient's lymphocytes, the 
patient's tumor cells, or to lymphocytes from an unre- 
lated person. Low-level cytotoxicity was seen in the 
MLC-generated lymphocytes for Patient D. This also 
was most likely the result of technical problems with that 
day's assay, as lymphocytes from this same culture ex- 
panded in growth factor showed a good cytotoxic re- 
sponse. 

Clinical Responses 

Before entering this Phase I study all patients had re- 
ceived conventional, and in some cases experimental, 
therapies, with progression of their disease. One patient 
in this study had a disappearance of all evidence of dis- 
ease after the first cycle of CPM and MLC-alloactivated 
haploidentical lymphocytes. Of the remaining five pa- 
tients, there was no evidence of any therapeutic re- 
sponse, and two patients (Patients A and B) have died of 
progressive disease. 

Case Report 

Patient F is a 58-year-oId man who presented to his local 
physician with a superficial swelling over the dorsum of his left 
wrist in July 1 980. After an unsuccessfiil trial of antibiotics and 
the development of multiple other skin nodules, a biopsy of the 
wrist mass was performed. Interpretation of the biopsy at the 
Armed Forces Institute of Pathology and the University of 
Wisconsin Hospital and Clinics (UWH) was consistent with 
lymphoma. 

Initial evaluation at UWH revealed muhiple nodules in- 
volving the back and thigh as well as prominent axillary and 
cervical adenopathy. Fever, night sweats, and weight loss were 
denied, and hepatosplenomegaly was not detected on physical 
examination. Bilateral lower extrpmity lymphangiogram and 
bone marrow biopsy specimen were normal. A repeat biopsy of 



a superficial nodular lesion showed diffuse histiocytic lym- 
phoma (DHL) Stage IVA. 

Initial chemotherapy was instituted whh 6 monthly cycles of 
COPA (cyclophosphamide 1 100 mg intravenously (IV], vin- 
cristine 2 mg IV, prednisone 20U mg orally X 5 days, doxoru- 
bicin 90 mg IV). At the conclusion of the sixth cycle (January 

Table 4. Cytotoxic Responses of Pool Primed Donor Lymphocytes 
After MLC Activation and TCXjF Expan sion 

% Cytotoxicity 



Effector Patient Tumor X 



Donor Pool* ± Tu, 



A. •MLC Day 


1 


19.1 ± 1.7 


0.2 ± 0.3 


NT 


B. •MLC Day = 


1 


1 1.3 ± 1.5 


4.4 ± 0.4 


TCGF Day = 


8 


41.0 ± 1.0 


29.5 ± 2.6 


35.0 ± 0.6 


C 'MLC Day « 


1 


8.4 ±2.1 


10.9 ± 2.0 


NT 


TCGF Day = 


8 


NT 


12.4 ± 2.5 


NT 


D. •MLC Day ^ 


1 


0.0 ± 1.3 


NT 


15.2 ± 1.0 


TCGF Day = 


8 


21.0 ±9.9 


NT 


n.6 ±2.9 


E. (1) MLC Day 


= I 


22.9 ± 2.2 


NT 


25.6 ± 0.9 


TCGF Day « 


8 


4.7 ± 1.2 


NT 


25.1 ±4.1 


E. (2) MLC Day 


= 29 


18.6 ± 1.6 


NT 


25.2 ± 2.6 


TCGF Day « 


36 


26.2 ± 3.9 


NT 


27.4 ± 1.5 


F. (1) MLC Day 


= I 


NT 


NT 


38.2 ± 4,3 


TCGF Day = 


8 


NT 


NT 


NT 


(2) MLC Day 


= 29 


3.5 ± 1,2 


NT 


2.9 ± 0.6 


TCGF Day = 


36 


46.4 ± 8.5 


NT 


12.0 ±0.6 


(3) MLC Day 


» 57 


18.4 ± 1.2 


NT 


26.8 ± 3.7 


TCGF Day « 


64 


NT 


NT 


39.3 ± 2.3 



Peripheral blood lymphocytes from each donor were cultured in MLC 
with tiTBdiated anogeneic pooled lymphocytes (Pool J and where available 
(•) irradiated cyroprcserved patient tumor cells (TuJ. After 7 days of 
culturing, the cells were harvested and tested for cytotoxic function using 
a 4-hour ^'Cr-release assay. Taisets included lymphocytes from the pa- 
tient, tumor, and an unrelated individual MLC-activated lymphocytes 
were continued in culture with TCGF for an additional 7 days. Cyto- 
toxicity was tested again using the same target cell populations; the 
effector to target raUo shown is 30:1 in all cases (NT: not tested). The 
"Day" indicated for MLC and TCGFcells reflects the day of **Cr-releasc 
testing relative to the initial dose of intravenous cyclophosphamide, and 
in all cases corre^nds t the day of inftision of the indicated cell 
populations. Donors A through F correspond to those in Tables I 
to 3. 

MLC: mixed lymphocyte culture; TCGF: T-cell growth factor. 
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mide (1500 mg m^StfT^l^ m ,^ S^^^ °." of this cycle. 3 weeks after the cyclophospha- 

(2C04SSJ.rrS^ce^LtsK^^^ ™^-thMU:ceHi„fusio„.and2weeksaftertLT^^^^^ 
and cemcal adenopathy by the third cycle. 

Six weeks after the completion of this second coune of 

chemotherapy, new skin lesions developed that were identical Discussion 
in appearance to those previously documented by biopsy as 

being lymphoma. Over the next 8-month period, November Appropriately sensitized allogeneic lymphocytes have 

•A irSli* ^^^^ rtxxaseA cyclophospha- shown to have therapeutic activity against estab- 

mide (1500 mg IV every 3 weeks X three cycles, 600 mg or- "shed tumors in several animal systems with a demon- 

SniJ^K?^ weeksxeight cycles) and prednisone strated graft versus tumor elTect, separate from GVH 

c2?ri^«f^!?'^''"''''^^r5*'"^-^"**«'^«*»^ BortinandTniitt'«wereabletoiraprovesurvSSv^^^^^ 

S^sS Ss^:;St;^^^^^^ 'TT- leSkemicTSl'mL' 

««lvefollowi«gthenex7^o?So£^.*'**'"'' '^U^J^^T^v""^- tfF}!'^'^'^ ^^^^^ 

From August 1982 through October 1982. multiple new ^J^"^^^^^}^^^^^"i«^^stcctntlydcmon- 

skin lesions and adenopathy appeared despite cyclophospha- histocompatibility 

mide(600 mgorally X 5 daysX prednisone. bleomycin (lO mg J"™**"."* are important in obtaining a "graft versus 

intramusculariy), and procarbazine (200 mg oraDy X 10 days) 'eukemia (GVL) eflfect and that the magnitude of this 

every 3 weeks. The addition of doxorubicin to tiie above tegi- ^^'^ not necesarily parallel that of the GVH 

men provided an excellem response, but after four cycles of "action. The existence of an immune response bv 

A «- «f^-»denticallymphocytestoIeukemiccelIs<Eectedat 

Sf;::SSSSJL^?~^ -orhistocompatibiUtyantigenh. 

T^^nT^^Z'^^^l.T"'^^- J,^ve.«,leukemiaefrectissuggestedi„surv^^^ 
Atthetimcofthispatient'sentoytothisstSy.multipleskin Zf^.si^"^- ^fa^fPlantation (BMT) pa- 
lesions were noted on his scalp and face. AIm w« *'«°^' ''o"?*">8 an allogeneic BMT for acute leuke- 
painfiil, visible right cervical and left inguinal adenopatiiy The °^ pattents whose course was complicated by 
' cyclophosphamide on Febniaiy ™oJ«ate to severe GVH had a lower relapse rate and 
21. 1983 fc^owed in 24 houis by 1.0 X lO'aUoactivated lym- compared to those patients without 
pnocytes (FIIJ). Within 7 days, evidence of a tumor lesponse ^» addition, relapse rates in syngeneic transplants 
Ifllfrlh * '"^ 'he second cyde (4 weeks higher than those seen in allogeneic transplant recipi- 
T T*'^""'^^^ «>ts.Odomf/a/.reportedtwocasesofALLthatrelaDsed 
£S nT9j;Srrii'?M»S'' and FI3]) b«gi„„i„g on following aUogeneic bone manow transput l^S 
mS. :i S l'.*^ «««»wn. During these3 into remission with the onset ofGVHand no oSerS 

noted on May 19. 1983. To determine whSS^S 

completeresponsetothethieecydesofadoptivechranShn! ^"iPP^^ effect. 

munotiierapy was sotely due to the chemotiieiapy cydoohos- ■ "® applicatoon of adoptive immunotherapy in pa- 

Phamide( 1 500 mg IV) wasgiven witiiom subsequentceU infu- ^ Umited.*'-^ Thomas et al.» treated eight 

sions. Oyer tiie next 2 weeks, several of tiw skin lesions did Patients sufiering from acute nonlymphocytic leukemia 

Stow evidence of resolution. However, of the lesions noted own remission lymphocytes, which were cul- 

oetore tmtment. some had progressed and new lesions were in vitro with autologous blasts for 96 hours No 

lJS^r«Il« Ti" ""^ to the com- difference in the mean duration of complete response 

•^^Z^^.^'^^'^^'^^'''^^'^' Nadler and Moore^'." paired un^S^^ 

SSne^^tSe^trno'"^^^^ tients with malignant melanoma and sensiti^ eSh to 

aione were given, witi, no complete resolution of the other's tumor using subcutaneous melanoma im- 
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plants. Following graft rejection, leukocytes coUected by 
pheresis were reciprocally infused. Of the 53 evaluable 
patients, 13 responses were reported. One of the two 
patients believed to have a complete response remained 
disease-free for longer than 3 years. 

The six patients in this study received alloactivated 
lymphocyte from a haploidentical relative following 
inimunosuppresive pretrcatment with cyclophospha- 
mide. Although HLA'identical donors have a lesser 
chance of causing GVH, they could share postulated 
immune response genes that prevent recognition of 
tumor-associated antigens." Such mtgor histocompati- 
bility complex (MHC)-associated immune response 
genes have been well-described in animals." This MHC 
restriction has been shown for T-cell responses to viral, 
bacterial, and synthetic antigens in human and murine 
systems, as well as in the recognition of murine tumor 
cells.2«' 

Using the methods described here, we were able to 
generate in vitro up to 15.0 X 10' primed lymphocytes 
for a single infusion. These alloactivated cells were im- 
munologically active in vitro and in vivo. No significant 
toxicities, including GVH reactions, were noted follow- 
ing CPM plus MLC-generated or TCGF-expanded lym- 
phocytes despite proven in vitro immunologic activity. 
The absence of a GVH reaction may be due to incom- 
plete suppression of the patient*s immune system, which 
may still have allowed a host-mediated immune rejec- 
tion of the donor's lymphocytes. 

The distribution studies using '^'In-oxine labeUng of 
the allogeneic haploidentical lymphocytes expanded in 
TCGF are in accord with those using small numbers of 
autologous lymphocytes expanded in TCGF.^ Follow- 
ing initial uptake in the lungs, these haploidentical cells 
moved to areas of the reticuloendothelial system (bone 
marrow, spleen, and liver). Despite the immune reactiv- 
ity of these cells against patient's normal lymphocytes in 
vitro, the movement of these cells through the pulmo- 
nary circulation was not accompanied by any detectable 
compromise of respiratory function. No difference 
could be seen between the MLC-generated or TCGF-ex- 
panded cells with regard to their distribution. Similar 
results have been reported for IL-2-dependcnt T-cell 
clones in the mouse.^ Although we did not attempt to 
show retention of '"In-oxine within the lymphocytes, 
this has been shown in animal studies.^ 

Two of our patients received more than 10*® total cells, 
which may approximate the magnitude needed to 
achieve therapeutic responses based on extrapolation 
from murine models. One of these patients did, in fact, 
have a complete response to this combined therapy. This 
complete response was not reproduced by 3 monthly 



cycles of the same dose of cyclophosphamide used alone, 
but a transient complete response was then reproduced 
by a subsequent cycle fcyclophosphamide followed by 
immune cells. 

The biologic mechanism generating this response re- 
mains uncertain. Priming with aUoantigens has enabled 
in vitro destruction of autologous tumor cells,' ' and pre- 
liminary results document a partial clinical response by 
lymphoblastic lymphoma patients to in v/Vo immuniza- 
tion with pooled allogeneic leukocytes.^' This suggests 
that a pool of alloantigens may stimulate the patient's 
own (or a relative's in the current study) lymphocytes to 
recognize an antigen on the lymphoma cells that is im- 
munologically cross^reactive with the stimulating al- 
loantigens. Alternatively, alloactivation might nonspe- 
cifically activate a separate population of antitumor 
effector cells, as has been shown in vitro with mitogens 
and lymphokines." In the AKR mouse, alloactivated 
allogeneic lymphocytes can produce an antitumor re- 
sponse that cannot be generated by syngeneic lympho- 
cytes.'* This latter may reflect an inability of the tumor- 
bearing strain to immunologically recognize the tumor 
antigens." Another possible mechanism would be the 
immune recognition of genetically controlled m^jor and 
minor histocompatibility antigens by the allogeneic lym- 
phocytes, with preferential (but not specific) destruction 
of the neoplastic cells." 

Adoptive chemoimmunotherapy using CPM and 
more than 10'° alloactivated haploidentical lympho- 
cytes activated in MLC and expanded in TCGF has been 
given to these patients without significant toxicity. In 
addition, evidence presented here suggests that a thera- 
peutic effect has been seen in a patient with a non-Hodg- 
kin's lymphoma. Treatment of more patients with simi- 
lar tumors is needed to verify this finding; the in vitro 
dissection of the mechanism underiying this effect may 
provide a more specific clinical approach. 
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The preceding paper detailed the production and frac- 
tionation of a T celi-defived l*J-8pedfic allogeneic effect 
factor <AEF) and analyzed its abffity to proMe help In a 
T celhdepleted, In vAra primary anti-sheep erythrocyte 
response. The identieal AEF fractions were examined in 
this study for their ability to elicit suppresston in a de- 
layed-type hypersensitivity assay. Previous reports 
showed that low or subo|rtiinal doses of antigen, pre- 
sented i.v. on a cell surface, induce a precursor or primed 
set f suppressor T cells (preTs). These ceOs manifested 
antigen-specific suppression only In the presence of a T 
celi*mediated l-«l-q>eciffic allogeneic effect induced In ¥im 
against the preTs. The experiments reported here exam- 
ined the ability of alloactivated T ceD-derfved l-J-speeific 
AEF components to replace the In vivo l-J allogeneic 
ff ect The results show that certain AEF components can 
indeed provide the signals) necessary for activation of 
suppression. Size and charge separation of the crude 
AEF preparation revealed several components, some of 
which could independently serve as appropriate inductive 
signals. One of these components proved to be biochem- 
ically identical to interieulcin 2 (IL 2) and accounted for 
some of the geneticaily unrestrfcted AEF activity ob- 
served; other higher m.w. mirfecules also possessed un- 
restricted activity. Another component provided the req- 
uisite activational signals and this 68,000-dalton, pi 5.6 
molecule(s) was l-J restricted. These flndhigs are dis- 
cussed in terms of models of lymphocyte suliset interac- 
tions and activation. 



The mixed lymphocyte reaction (MUR) has been used to study 
the interaction of primed and unprimed tymphocytes with foreign 
major histooompatibitrty complex (MHCf determinants. The vig- 
orous response of the MLR is currently taicen as a reflection of 
the cross-reactivity between "antigens plus seif ' and allogeneic 
MHC determsnants (1). From this standpoint, the MLR is useful 
t)ecause it is a strong, easily reproductt)le response and may 
provide an approach to understanding the nature of the T cell 
receptor and its Interaction with ant^ and MHC determinants. 
In addition, a number of investigators induced MU) to examine 
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the products of the stimulated T cells and to gain niore insight 
into T oeli interaction structures (2-4). it is dear from these 
studies that a variety of soluble products are generated by 
allogeneic cell interactions and that the idlosyncracies of Individ- 
ual assay procedures may bias the Interpretation as to the 
specificity or restricted nature of the products and their effects 
on B or T cells. One of us (T.LD.) has extensively pursued this 
problem by inducing l-A, l-J, and Aif/s-restricted allogeneic effects 
in vhro and the homologous MLR in vitro and by examining whole 
and fractionated culture supematants for helper activity on 
primed and unprimed B cell cultures depleted of T cells (5-8). 
These studies have provided evidence for both genetically re- 
stricted and unrestricted T celkterlved products that help B cell 
responses, via a direct interaction with antigen-presenting cells 
(ARC) (10). Similar data were generated by Andersson and 
Melchers (9) using doned helper T celts as a source of fectors 
in a syngeneic system. The feet that molecules generated by 
fcx)th allogeneic and syngeneic systems will yield experimental 
data that are compatible with and support one another is a 
confirmation of the belief that the study of ttiese allogeneic 
Interactions and molecules is likely to be relevant to normal 
Immunologic processes. 

The preceding paper (10) showed that the components of an 
in T cell-derived l-J-spedfic allogeneic effect fector (AEF) 
could provide both genetically restricted and unrestricted help in 
a T oell-depfeted, in vitro primary anti*sheep eryttirocyte (SRBC) 
plaque forming cell (PFC) assay. These same AEF fractions were 
tested in this report for their ability to activate suppresssion in 
delayed-t^ hypersensitivity PTH) and contact sensitivity (OS) 
systems in which suppressor T cdl precursors (preTs) required 
a second signal in addition to antigen to display antigen-spedfic 
suppression. We showed previously (1 1 . 12) that i.v. injection of 
syngeneic spteen cells conjugated with high concentrations of 
hapten induced Ts for DTH and CS whereas i.v. Injection of cells 
chemically coupled with low epitope densities of hapten gener- 
ated inactive preTs. To become fully activateo. Uie preTs had to 
be sutjected to an Kf-spedfic aHogen^ effect in vivo. Allogeneic 
effects directed at H-2K or i-A. S-B, M^, H-Y. or back- 
ground aUoantigens were incapabte of activating or otherwise 
indudng the preTs. In adcfition, parental and Fi combinations 
showed that the preTs was the recipient of the aOogenek: effect; 
l-J alfegenelc effects of the incorrect directionality were also 
ineffective signals. The preTs was found to be Thy-1 *; Lyt-1 *T; 
KT; and, in a DTH system controlled by idtotypw regulations, 
kliotype*. The cell responsibte for providing the altogeneic signal 
in vivo was Thy-I"^ and Lyt-I"*^ 2~. This experimental system 
tiierefore pnovtded the unk|ue opportunity to investigate the in 
vivo effects on Ts of a number of aUoactivated T cell-derived 
molecules defined by tiieir/n vitro effects on APC and/or B cells. 
It win be shown that such mofecules are active botii in vHro and 
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/n v/w, and that their activities are 00^ 
of action. 

MATERIALS AND METHODS 

Mice, B^OA (9R) mioe woe ro^ n uri ned fen our anbraJ focities. Afl other 
strains were purch^ fhm the Jackson Laboratory, Bar 

AllogenGic e/fecf te<or (ABO- The AEF was produced as desotod in 
detaa in the accompanying paper (10). A variety of AEF were generated. 
Mudfeig a B10.A 3R antH310A 5R anMalion and B10> 5R aMIOiV 
3R combination. The AEF was concentrated ml fractionatad by 8^ and 
chro malD toc u sing to investigate the possUe presence of dtetinct acUvtties. 
Brietfy,antM>Jaaogen8ice« ^ factor was <tolionatBdat4°C over an Uft^ 
ACA54 column (Bsher Scientific Co.. Toronto. Ontario) with approximate 
raw, assigned to the alutBd fractions, Oo l DCto dtections%w^ 
vofumes and were further resolved by cfwonrnlofiocusing at 4«C on a 1 X 20 
cm column of PBE 94 gel {Pharmacia Fine ChemicBls. Dorval, Quebec) by 
using a025 M imidazolMICI as stst buffer and pd^iufliBr 74-HQ. pH 4.0 
as eluent A variety of baAches of AEF were prepwed Each t)atch activfty 
was verified in the suppression assays Mcated betaw and also fin the assays 
described in the aooonvanying manuscript (1Q)t. 

Eiywrftnenta/ dss^ This has been described in de^ 
generate preTs, mice were i.v. injected with 5 X lOi' syngeneic spleen eels 
chemicaly coupled with 0.01 mM trMtraphenyt(TNqa 1.26 mIM azoberv 
zenearsonate (ABA). One week later, these anknals were sacrificed Old their 
spleens were used as a source of ffiitigeMpedfic preTs. Fifty maion preTs 
were transferred i.v. into syngenec rec^jients that were also immunized the 
day of transfer. Immuntzatton to TNP was aooompished with 100 of 7% 
pidryl chtoride in 4:1 aoetone:ofive oB appfied to ttie shaved abdomen. tn>- 
munizatton to ABA was a cco mpish ed with 3 x lO' 12.6 mM A&A«oi9led 
syngeneic spleen ceBs injected subcut a neo u sly into two sites on the dorsal 
flank. Five days after ^nmunizatkin. mk» were chaBenged on the eara for 
to TNP or in the footpads for DTH to ABA Twenty-four houre after chaSen^ 
ear or fbotpad sweffing was quantitated with an engineer's mfcrom ete r and 
the results were expressed as the change in thickness of the ears (tiefore vs 
after challenge) or the focMpads (the chaOonged vs the unchaBenged footpad 
There were tour to five ntioe per group and statistical comparisons were 
made with the Student two^aaed f-test 

To activate preTs, an altogeneic eflwt was kiduced /ft vfta> by cotransfer- 
ring 3 X 1 0' normal, ^ogeneto spleen cells i.v. with the preTs into recipients 
syngeneic to the preTs. Alternatively, the preTs were incubated with whole 
or fractionated AEF supematants (1 0^ ceSs/M, 37<'C. 30 mtn with agitatkxi) 
at the AEF dOutons desi^iated and then, without wasfAig. were injected i.v. 
into syngeneic recipients. 

RESULTS 

In vNo activity of unfractionated AEF. PreTs were imluced as 
stated in Materials and M&twds tvy Lv. inject^ syngeneic cells 
coupled with low doses of hapten &fito nto. The aninnals were 
sacrffioedl wic later and their spleens were used as a source of 
preTs to be transferred ^to syngenek: rec^iiems. To prodijoe an 
aOogeneic effect and the necessary allogeneic signals to induce 
suppression, nomial aHogeneic cells were cobansfened along 
with the preTs. As shown in Bgure 1 (Ito l-IV), preTs plus 
allogeneic cells suppressed TNP CS whereas neither oei] popu- 
lation alone h^ any effect. TTie sbnplest explanation, as dis- 
cussed previously (11, 12), is that the allogeneicaRy derived 
^gnals are invohred in actiraling or augment^ the activity ^ 
the preTs and causing siwression. This suppression was also 
shown to be qiite specific in both its irutative and effisctor 
phases (11, 12). To test for the activity of AEF derived from the 
B1 0.A (3R) stimulated tiy B1 0^ (5R) lymphoid cells In replacing 
the aBogeneic effect. preTs vvOT inodiated vvith varyfftg (Sufi^ 
of unfractionated AEF fbr 30 min at ar^'C aiid then vvere inject 
without wetting, into syngeneic redpients. Flgue 1i4 shovvs that 
preTs generated by 0.01 mM TNP-coupied spleen cells were 
aUe to suppress TMP-speciSc CS when praincubatBd with an I* 
J AEF. Neither preTs bf themselves nor nomial spleen ceOs 
preincubated with AEF were able to provide any significant 
degree of suppression. Rgure IB shows that preTs specific for 
ABA were also actwatod by exposure to AEF. Furthermore, the 
si4)pression mediated by this experimental protocol vvas antigen 
specific; DNP-specific CS generated in the same animals was 
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Figurel. AEF can provUe an activatk)nal signaL ReTs were generated in A/ J 
mioe (5 X lO' 0.01 mM TMP (A) orl .26 mM ABA- (0) coupled spleen eels. i.v., 1 
wk previously) and 5 X lOi^ were tr an sfenied to syngeneic recipients 
X 10^ B10A(3R) alogeneic cells (4), a after incubation with a 3R anti^R AEF (30 
mm. arc, lO^oels/M) at the designated dAitians. Rec^iiems were wrvnwtized 
wRh TNP (A). ABA (BK or dirritrophenyl on the day of transfer and were chaB^^ 
5 days later wiJi the hornologois hapten to eScft CS or DTH. ^loml8l A/J re^ 
the transfer of nomia) spleen eels, instead of preTs. mcdated &i AEF. 
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Rgure2, Titration of AEF. PmTs were generated in A/J mice, incubated with 
varying dSutions of a 3R antW AEF. and injected into syngeneic 
im immtfiized the sarne day and were chaaenged 5 days later with ABA. 

not affected. In fact, in some cases (Fig. 1C, group III), DNP- 
specific reactivity was enhanced rather than suppressed. 

1 iteo shows that the AEF was nriore elfMive at higher 
(1/100) than at lower <«utions (1/10). ITiis is reinfbroed t»y the 
r^ults presented ft) Figure 2. which demonstrate that the partic- 
ular preparation of AEF can have widely vary^ activities de- 
pencftig on the oo n centr ati on at vtfhich it is employed. Another 
l>atch of AEF was used in this study. variabity of activity 
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has been noted for both l-J and l-A AEF in the RFC assay (5- 
10). The source of this apparent variability Is at least twofold. 
Rrst. the spleen oen population containing the preTs is obviously 
a heterogeneous mixture of partially or completely primed and 
unprimed ceQs that belong to various effector or suppressor 
subpopulations. It Is conceivable that discrete signals varied In a 
quantitative manner could etidt quite difl^ent effects, as meas- 
ured by an //I vi¥o assay. Secondly, there is likely to be more 
than one co mp onent in the AEF preparation active in tf^s assay 
(5, 10). A comp e titive and/or synergistic effect of various conrv 
ponents at (fifferent conce n tr a tions could result in the observed 
variability. 

Fractionation of AEF into dis^nct functional components. Fur* 
ther support for the notion that the l-J AEF contained several 
distinct co m pone n t s is shown in Figure 3. PreTs were generated 
by A/J mice, incubated with 3R anti^R (anti-Kf^ or 5R antl-3R 
(anti-kf), AEF, and injected Into syngeneic recipients. Both AEF 
preparations were able to suppress, albeit at different concentra- 
tions, and hence appeared to be H-2Hjnrestricted. This is in 
apparent contrast to results in the previous report (10), which 
showed this same l-J AEF to be H-2-restncted In the RFC assay. 
The unrestricted »:tivity, however, is presumably attributable to 
the AEF interieukin 2 (IL 2) component that is optimally active in 
the 1/10 to 1/100 dOutfon range of Mnfractk>nated AEF (5. 10). 
The genttoally restricted AEF activity may be observed only in 
the 1/1000 to 1/10,(XX) dilutkyi range and is likely confened by 
another component (5, 6, 1 0). 

AEF was therefore fractkinated by gel filtratkxi on lAtrogel 
ACA 54 and then by chromatofbcusing (10) to investigate the 
possible presence of distinct in vivo activities in the unrestrtoted 
and restricted components. Table I shows the results obtained 
with various fractkms of an anti-l^ AEF separated on ACA 54. 
(See Figure 1 of Reference 10 for chromatogram). It Is apparent 
that there are at least two distinct activities, one conferred by a 
90 to 95K m.w. fractkm and the other by a 30 to 40K m.w. 
fractkxi. Similar data were obtafried with the tow m.w. (12 to 
40K) and high m.w. (70 to 11 OK) components of other AEF 
preparatk)ns (see Tables II and III). 

It was shown prevkxisly (5. 10) that the tow m.w. activity of I- 
A and l-J AEF contained IL 2 by the criteria of motecular size, 
isoielectric point, and T cell stimulatory activity. The l-J AEF 
analyzed here was subjected to similar analyses. A anii-3R 
AEF was passed through an ACA 54 column and the fracttons 
corresponding to 30 to 35K were pooled, concentrated and 
chromatofocused. Fracttons eluted at different pH were then 




0 6 12 t8 24 30 36 42 
SifELUHG iNCREMBiT 

FigmS. Lack Of genetic restrfcdon of tmftactionated AEF. A/J preTs w«re 
^wa^gted wtth vying dMions of a 3R ant^SB pmV) or a 5R anfrSR <VI»VtlO AEF 
and wQie if^dctad into syngentfc recipients. 



tested for their ability t provide a second signal to preTs. Table 
IV shows that the pH 4.0-5.0 fractions contained potent sup- 
pressive actrvity. The other fracttons elicited tower tovels of 
suppresston comparabto to that ach ieved by the transfer of preTs 
atone (data not shown). Therefore a 30 t 35K, pi 4.0-5.0 
molecule(s) Is abto to activate preTs. Such physioochemicat 
criteria mak it lik^ that this component is IL 2. Furthenmore. 
this fracttonated material was abto to influence proliferating and 
cytotoxto T cells in vitro In accordance with established IL 2 
activities (5). Adc^ional experfm&tts (not shown) denrK)nstrated 
that the fractionated AEF did not suppress when administered 
atone. Because IL 2 is known to be neither altogeneically nor 
even xenogeneically restrtoted (13), the presence of IL 2 in the i- 
J AEF and its activity in the suppressor assay when admixed 
directly with preTs can account for the apparent rmrestrfction 
obsenred in Rgure 3. Further studtos on this IL 2-like component 
were deferred and experiments were concentrated on the func- 
ttonal activity of other fracttons. as indicated betow. 

The l-J AEF was also shown to possess a 68K« pi 5.6 fraction, 
designated Tk-II. whk^ provided l-J^-restricted activity in the 
PFC assay (10). As shown in Tabtos I and III. however, no 
suppressive activity was demonstrated in the 50 to 70K range 
of the anti-l^ AEF. Nonetheless, the identical m.w. fractions did 
possess potent. t-J'-restricted activity in the in vitro PFC assay. 
To confirm this r^tricted component was inactive in ttie DTH 
suppressor assay, the SO to 70K m.w. component was chro- 
matofocused and tiie vartous fractions of different pH were 
tested. Unexpectediy, but quite interestingly, activity was re- 
vested in only the pH 5.5-6.0 fraction (Tabto V). Therefore, ttie 
/-J'^-restrlcted Th-II component that operates at tiie tovel of APC 
in the in vitro helper assay was active at ttie tovel of preTs in the 
in vivo suppressor assay. The inat^ity to find Ts activity in 
fractions separated only by size may be due either to the 
presence of an inhibitor ttiat is rmoved by isoetectrto focusing 
or couto merely be the result of ttie semiquantitative estimates 
of AEF concentration. 

In Tat>to VI are the results of another experiment in whtoh both 
ttie 50 to 70K, pi 5.5-6.0 (Tabto V) and 70 to 110K (Tabto II) 
fractions of the anti-l-J** AEF were tested in i-J" syngeneic (A/J) 
and /-J'' allogeneic (A.BY) redfxents. As before, botii fractions 
suppressed the A/J strain; however, only tiie 70 to 1 10K com- 
ponent activated A.BY preTs cells. Therefore, this latter fraction 
was unrestrtoted in its activity whereas the 50 to 70K. pi 5.5- 
6.0 component was H-2-restrtoted, similar to its activity in ttie 
PFC assay. As a further control on the genetic speciftoity of this 
fraction, it was tested in A/J mice with an anti-l-A" AEF (5). The 
i-J AEF provtoed 49% suppression of the response, compared 
to the l-A AEF, whtoh induced 0% auppresston. Therefore, it is 
necessary ttiat the AEF components be restricted ri* only to 
tt)e proper haptotype but also to ttie proper I subregton Ci.e.. /-J) 
to expre^ activity in the DTH suppressor assay. It is likely that 
ttie /-J^-restricted 6BK m.w.. pi 5.6, Th-II compment kfentiftod in 
the accompanying paper confers the activity observed here in 
the DTH response. 

DISCUSSION 

We focused tttte analysis of the products of an Kl-specific AEF 
upon a system in whtoh ttie activation of Ts seemed dependent 
on two signals: antigen and an l-J-specifto altogeneto effect. Our 
eariier reports (11. 12) showed that tow or suboptimal doses of 
hapten Muced a set of antigen-spedfto Ts that woukl suppress 
only to the presence of an Kl altogeneto effect directed against 
these cells in vivo This directionafity of the altogeneto effect 
argued for a simpto two-signal hypothesis. Indeed, subsequent 
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TABLE I 
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TABLE IV 
Chromato/ocusing of AEF: 30,000^,000 
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representing 05 pH Wits were teatad on AAI preTa. 

work (Refmnoe 14; J. S. Bromberg and M. I* Greene, manu* 
script in pieparation) extends the notion ttiat two sigrials can 
indiMTs. The first (amigen 

receptor and the second is ffi activational signal ttiat iii^^ 



with a nondonal receptor on the oefl surtee. The results ATI this 
report show that thealogeneicaly derived second signd required 
for the oornplete activation of siippression may t)e derived from 
either alogeneic eels (previousiy shown to ba Lyt-1^ or a 



2254 



SUPPRESSOR T CEU ACTIVATION BY AN /V4)ESTRICTE0 AEF 
TABLE VI 
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32.0 ±2.2 

21,3 ± 4.2 p» 0.05 
7.25 ±1.9 



58 
62 



43 



cufUre supematam AEF (aJso produc»d by Lyt-1*2- 
AEF was fractionated and shown to contain several distinct 
components that independently were ebke to provide an ade- 
quate second signal. One component was 30 to 35K. pi 4.0- 
5.0, and was most fikely IL 2. A second was 90K and H-2- 
unrestricted in its activity. The third component was 50 to 70K. 
pi 5.5-6.0 and H-2-restricted in its activity to preTs of stimulator 
type. The relationship of these activities to one another is not 
Imown. For exair^, the very high m.w. component(s) could be 
aggegates of smaller species. In addition, it is apparent (Table 
III) that there is activity in components £ 20K that may represent 
distinct nK)lecules or degradation productions of larger ones 

The ability of purified IL 2 to activate suppression in this system 
was unexpected because allogeneic effects at K. D, l-A, and Mis 
generate large amounts of IL 2 (13) yet were ineffective at 
inducing suppression (11) in vivo. The lack of activity of IL 2, 
when Muced in vivo, implies it does not primarily mediate the 
second signal function. Therefore its ability to act when pre- 
sented in vitro to the splenic suppressor cell population argues 
that the in vitro protocol represents an anomolous sequestration 
of factor or oeH populations ttiat does not occur in vivo. For 
example, the concentration of IL 2 admixed in vitro with preTs 
may be higher ttian that achieved in vivo. Alternatively, a whole 
anray of effector and suppressor ceOs could be exposed to IL 2 
in vivo, whereas a population relatively more enriched In sup- 
pressors wcMJld be exposed in vitro. Hardt et al. (15) recentiy 
showed that allogeneic Lyt-2 cells induce a semm Inhibitor of IL 
2 in vivo. Therefore it may not be surprising ttiat IL 2 does not 
seem to function in our protocols, which employ an in vivo 
allogeneic effect, whereas it does function as a component of 
AEF. This fifftiier impOes ttiat In "nomfutf" physiologic lymphocyte 
interactions, IL 2 may be a growtii honnone for Ts. This notion 
should be contrasted witti recent reports (16. 17) in which it is 
shown tiiat some suppressor celis act by compromising the 
activity or production of IL 2. 

The abdity of an M-iBstricted AEF component to activate 
suppression is consistem Witt) ttie /n vfvo requtrernent for an l-%l- 
specific allogeneic effect and tile 1^ surfeoe phenotype of the 
preTs (1 2). The fact tiiat an antf-t-A*" AEF did not sMirty induce 
suppression could imply tiiat tiie M-restricted AEF molecule(s) 
interacted directiy witti the preTs or another W* T cefl rattier 
ttian witti an i-AM-%r APC as demonstrated for ttie effect of ttiis 
same AEF fraction in ttie PFC assay (10). This reasoning opens 
up ttie question as to ttie site of action of ttie various AEF 
functions investigated h ttiis study. The experfrnental design 
does not pemnit one to conclude definitivefy whettier ttie mote- 
cules were acting at ttie level of ttie preTs, APC, or some ottier 
eel type. As a coroOary, ttie abiRty of biochemicaBy (Sstinct 
activities to indepmienUy provide a second signal may mean 
ttwt a tnutftude of ttiese signals can activate preTs or ttiat each 
component is acting at a separate iocus in a Rnear ceflular 



pattiway. If ttie latter case were tnie, ttiwi it may be expected 
ttiat ttie more specific, genetically restticted molecules act early 
in ttie pattiway to resi^ eventually in ttie production of ttie less 
specific fectors. How preTs, APC, and ottier T cells could fit into 
such a pattiway is presentty undear. 

The strildng parallel of AEF activities in ttte //? v^o helper and 
ttie /n WW DTH suppressor assays pro vides a model for nomrial 
lymphoid interactions in ttie inductfon of Ts. The recognition of 
allogeneic l-A by T ceOs is taken as a reflection of ttie cross- 
reactivity between self l-A pli« antigm (or altered selQ and 
ailo^neic l-A. The production of an antigen^pedfic, i-A-ie- 
stricted fector(s) by helper T cells In the syngen^ environment 
would be mirrored by an allogeneicaiiy l-A-rest1cted factor(s) 
resulting from allogeneic interactions (8, 9). it is postulated that 
APC l-A seems to stimulate ttie T cell production of factor(s) 
whereas B cell l-A and antigen bound to cell surface immune- 
globufinsenre as ttie targets for such factor(s), atttiough it cannot 
be excluded ttiat APC could also be ttie targete of such producte , 
especially ttiose resulting from syngeneic or allogeneic kl-re- 
stticted Interactions (6, 8. 18), By analogy, self W plus antigen 
or allogenic 1^ would stimulate a helper-type (Lyt-1) T ceU to 
produce a fector(s) specific for ttie stbnulating moieties. The 
target of such factor(s) could be eittier APC or 1%!"^, idiotype^ 
(i.e., antigen binding) preTs. Such models rely on ttie differential 
(fistrttxjtion of la antigens to preserve symmetry of cellular inter- 
actions in the immune response and to ma^tain a separation of 
functional pattiways while minimizing the number of distinct tasks 
a lymphocyte subset actually needs to perform. 
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DR * and SB * T cells do not stimulate lymphocyte proliferation 967 

Alloactivated long-term cultured human T lymphocytes 
express both HLA-DR and SB antigens but lack 
lymphocyte stimulation capacity* 

Cell populations obtained from mixed leukocyte cultures of 6- or lO-day duration 
were found specifically to restimulate primed lymphocytes detecting HLA-linked SB 
as well as HLA-D-associated antigens. After expansion in vitro (9-75 days) with 
medium containing interleukin 2, the cultured cells expressed the T lymphocyte 
markers detected in indirect immunofluorescence by monoclonal antibodies Lyt-3, 
OKT3, 0KT4, OKT8, and had high levels of HLA-DR antigens. In addition, they 
were shown in cell-mediated lymphocytotoxicity specifically to express SB antigens of 
the donor B cell type. Despite their positivity for DR and SB antigens, such cultured 
T cells failed to restimulate either SB- or D-specific secondary lymphocyte prolifera- 
tion. Homogeneous cloned populations of cultured T cells also lacked lymphocyte 
stimulation capacity. In contrast, B cell lines, which also expressed DR and SB 
antigens, were potent stimulators of both SB- or D-directed proliferation. These data 
show that the activated T lymphocytes which express both HLA-DR and SB antigens 
are by themselves unable to stimulate lymphocyte proliferation. 



I Introduction 

Normal resting peripheral blood T lymphocytes express very 
(iitle if any, detectable HLA-DR-antigen. However, the 
majority of T cells stimulated by soluble antigen, mitogens or 
alloantigens in mixed leukocyte cultures (MLC) rapidly gain 
DR antigens [1] of responder type which are synthesized by 
the activated cells [2, 3] and retained for at least 10 days [4]. 
Lvmphocyte prohferation (LP) in primary or secondary MLC 
can be specifically blocked by antibodies directed agatnst 
HLA-DR antigens of the stimulating cells [5, 6], giving rise to 
the contention that these serologically detected antigens are 
intimately related to the lymphocyte stimulating structures. 

It has been reported that DR"" activated cells from MLC of 6- 
or 10-day duration specifically stimulate primary and secon- 
dary HLA-D-directed LP [7-11] which can be blocked by the 
relevant anti-DR antisera. This is a property not shared by 
resting DR' T cells. Continuously cultured interleukin 2 
(lL2)-dependent T cells express high levels of DR antigens 
[12] and might thus also be expected to stimulate LP. In this 
report, it is shown that cloned or uncloned cultured T cells 
j (CTC), which express both SB and DR antigens, nonetheless 

* fail to' stimulate SB- or D-specific secondary prohferative 

• responses of cloned or uncloned primed lymphocytes. 
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Medizinische Universitatsklinik, D-7400 Tubingen, FRO 

j Abbreviations: CTC: Cultured T cells (propagated in IL2) CML: 
Cell-mediated lympholysis EBV: Epstein-Barr virus B-LCL: B 
lymphoid ceil line LP: Lymphocyte proliferation Ip: Lympho- 
proliferative (response) [^H]dThd: Tritiated thymidine IIF: Indi- 
rect immunofluorescence IL2: Interleukin 2 MLC: Mixed leuko- 
cyte culture PBMC: Peripheral blood mononuclear cells PLT: 
Primed lymphocyte typing (line) 



2 Materials and methods 

2.1 MLC and primed lymphocyte typing reagents 

Peripheral blood mononuclear cells (PBMC) were isolated 
from norma! heparinized blood by centrifugation over Lym- 
phoprep (Nyegaard, Oslo, Norway), HLA-DR antigens were 
typed on nylon wool-adherent cells. HLA-Dw typing was per- 
formed with a panel of local and exchanged homozygous typ- 
irlg cells. Phenotyping for products of the SB gene system was 
undertaken using the same set of reagents initially used to 
establish this new HLA-linked locus [13, 14]. Bulk MLC were 
established between 20 Gy X-irradiated stimulators and HLA- 
A, B, C, SB-matched, D/DR-mismatched responders in tissue 
culture flasks with medium (RPMI 1640, 25 mM HEPES, 
100 ^Ag/ml gentamycin and 15% heat-inactivated pooled 
human serum). Activated cells were removed from culture 
after 6 days (MLC cells) or 10 days [primed lymphocyte typing 
(PLT) cells] for use as responders or stimulators. 



2.2 Cloning and XL 2-dependent expansion of activated 
lymphocytes 

Cloning was performed by limiting dilution in the presence of 
filler cells and conditioned medium of mitogen-stimulated 
human lymphocytes as a source of IL2 [15], obtained from the 
Biotest Co., Frankfurt, FRO (Lymphocult T). Cloning and 
culture procedures for D-specific and SB-specific reagents 
have been fully described [16-18]. 



2.3 Cell-mediated lympholysis (CML) assay 

Standard procedures were employed to measure CML on ^*Cr- 
labeled targets. Briefly, target cells were labeled with 
Na2^*Cr04 [Amersham-Buchler, Frankfurt, FRG, spec. act. 
600 mCi/mg ^^Cr (=22.2 GBq/mg)] washed, and distributed 
into U-form microtiter plates (2 x 10^/well) and effector cells 
added in tripling dilutions to give 4 effector : target ratios. 
After 4 h at 37 °C an aliquot of supernatant from each well was 
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removed to measure specific isotope release, calculated from 
median values of triplicate cultures as follows: 



Release = 



Experimental cpm - spontaneous cpm 
Maximum cpm - spontaneous cpm 



X lOU. 



Results were reduced to an expression of cytotoxicity in lytic 
units/10^ effector cells, calculated by linear regression analysis 
of percent specific ^'Cr release plotted against the log of effec- 
tor : target ratios. One lytic unit was defined as the number of 
effector cells required to achieve 25 percent specific "'Cr re- 
lease. 



2.4 Surface marker phenotyping and detection of HLA-DR 

Selected monoclonal antibodies against cell surface antigens 
were employed in indirect immunofluorescence (IIP) as fol- 
lows: YD1/63.HLK, TU35 [19], and la NEIOU (New England 
Nuclear Corp., Boston, MA) were used to detect monomor- 
phic determinants of human la-like antigens; NA 1/34. HLK, 
detecting the thymus antigen HTAl, a marker for immature T 
cells [20], was a kind gift of Dr. C. Miistein, Cambridge, GB; 
T28, detecting the mature T cell marker UCHTl [21], was a 
kind gift of Dr. P. Beverley, London, GB; Lyt-3, detecting a 
polypeptide associated with the receptor for sheep erythro- 
cytes (New England Nuclear); 0KT3 (specific for 90-95% of 
mature T cells), 0KT4 (detecting putative "helper/inducer" T 
cell markers) and 0KT8 (detecting putative "suppressor/ 
cytotoxic" T cell markers) were purchased from Ortho Phar- 
maceutical Corp., Raritan, NJ. 



3 Results 

3.1 Surface markers of ailoactlvated cells 

3.1.1 Activated T cells express HLA-DR antigens 

Surface marker phenotyping by IIP was undertaken on cryo- 
preserved cell preparations which were to be used as stimulat- 



ing cells in the following experiments. Thus T cells of different 
ages could be tested comparatively within a given experiment 
Included as controls were nylon wool-separated T cells and B 
cells from the same donor blood. Cytocentrifuge preparation^ 
indicated that recovered cells were over 90% lymphocytes 
and IIP confirmed that under 2% of the nylon-nonadherent 
cells expressed surface immunoglobulin. The results shown in 
Table 1 confirm that freshly prepared T cells express small 
amounts of HLA-DR antigens, [whereas the B cells had over 
86% YDl/63,HLK-reactive cells (data not shown)], lacked the 
thymus antigen HTAl, and expressed high levels of the T cell 
antigens detected by Lyt-3, T28 and 0KT3 antibodies. After 
6 days in MLC, expression of DR antigens detected by all 
three monoclonal antibodies rose to 35-40%; after 10 days 
this had increased to 60-70%. The remaining populations 
tested derived from 6-day-old MLC-activated cells cultured for 
15, 33, 45 and 81 days in IL2 before cryopreservation. Virtu- 
ally 100% of these cells expressed HLA-DR antigens, the 
older cells being exclusively DR"^. Mature T cell markers and 
the ratio of 0^4"^ : 0KT8^ cells remained constant during 
this culture period. In addition to these CTC, cloned lines 
were examined after isolation from MLC by limiting dilution 
followed by IL2-dependent 'expansion of clonal progeny. 
Clone 29-4 (with PLT function) and clone 38-15 [with lympho- 
proliferative (Ip) suppressor function] both expressed high 
levels of DR antigens and mature T cell markers. Clone 29-4 
had the expected OKT4"'/OKT8" phenotype, but this was 
shared also by clone 38-15. Neither clone expressed HTAl 
antigen. 



3.1.2 Activated T cells express SB antigens 

Gene products of the HLA-linked SB system are preferen- 
tially expressed on B cells rather than resting T cells. The SB 
antigens resemble HLA-D-region antigens in their stimulation 
of secondary lymphoproliferative and cytotoxic responses in 
vitro. It was thus investigated whether SB antigens, like DR 
antigens, appeared on activated T cells. Since SB antigens 
currently can be detected only by using cellular reagents, CML 
assays were employed to answer this question. A set of SB- 



Table 1. Cell surface phenotypes of CTC 



Fresh T cells 


MLC 


PLT 


CTC 


CTC 


CTC 


CTC 


Clone 29-4 


Clone 38-15 




6 


10 


15 


33 


45 


81 


35 


39 










days of culture 










Antibodies detecting DR-antigens 
















'i 


YD1/63.HLK 6"^ 


35 


65 


87 


87 


88 


m 


100 


100 


la NElOll 6 


35 


71 


84 


95 


100 


100 


100 


100 1 


TU35 5 


39 


62 


63 


89 


92 


95 


95 


100 .^^M 


Antibodies detecting mature T cells 














94 ' "1 


T28 84 


86 


100 


100 


97 


100 


100 


100 




Lyt-3 92 


96 


100 


100 


100 


100 


100 


100 




OKT3 95 


97 


96 


100 


NT*^> 


100 


100 


96 




OKT4 77 


69 


77 


82 


NT 


80 


50 


100 




OKT8 19 


25 


19 


32 




20 


33 


0 


99^ 


Antibody detecting HTA 1 


















NA1/34.HLK 0 


0 


0 


0 


NT 


0 


0 


0 





a) Percent cells positive in IIP. 

b) NT = not tested. 
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„ocific lL2-propaeated reagents was used as effector cells in 
JmL where target cells were CTC-denved from donors of 
,.„own SB tvpe. The level of lysis on the EBV-LCL KRU. 
Lluded as a positive control 113). was higher than on the T 
.1 targets. Nonetheless, results shown in Table 2 indicate an 
<B-specific Ivsis of CTC by these reagents, consistent with the 
.fpression of SB antigens on activated T cells. In contrast. 
!,ormal T cells which had not been activated and cultured in 
'iL2 were very weakly and unspecifically lysed. 

3.2 Lymphocyte stimulation by alloactivated 6-day MLC and 
■ " 10-day PLT 

, ■> 1 Alloactivated cells from 6-day or 10-day cultures 
■ " stimulate primary Ip responses in an HLA-D-restncted 
fashion 

Lvmphocytes from 6-day-old MLC or 10-day-old PLT cul- 
,ures, possessing the surface phenotype depicted in Table 1, 
' ere X-irradiated (30 GY) and titrated against a fixed number 
of normal PBMC to test their stimulating ability in pnmary 
MLC The results confirmed that both 6-day-old and 10-day- 
old alloactivated populations were capable of stimulating 
HL.VD-different but not HLA-D-compatible lymphocytes 
(data not shown). 

3 2 2 Activated ceils from 10-day-old PLT stimulate specific 
secondary Ip responses directed against either HLA-D or 
SB antigens 

The ability of 10-day-old PLT cells specifically to restimulate 
HLA-D- or SB-sensitive reagents was tested in titration and 
kinetic experiments, in which X-irradiated stimulating cells 
were titrated against a fixed number of primed responding 
cells and proliferative responses of replicate experiments 
measured after 42, 66 and 90 h coculture. Fig. 1 shows results 
obtained when using 10-day-old PLT cells to rest.mulate the 
SB ^-specific PLT reagent designated 193-2A [14). Responses 
caus'ed by either specific PLT cells or PBMC stimulators were 
equally high after 90 h coculture, although earlier responses to 
PBMC than to PLT cells were observed. Specificity of restimu- 



Table 2. SB is expressed on activated T cells as detected in CML 



Cullurf durotion 



Stimulators 

• Specilic PBMC 

o Autologous P8MC 
0 Third party PBMC 

• Sp*ci1ic PLT 

o Autologous PLT 

• Third porty PLT 





2.5 1.25 10 S 2.5 1,25 

Number of stimulators « 10"* 




Target 






SB type*" 


2,4 


2,4 


Effectors 










<0.1 


2A 


705 


113.7 


2B 


1786 


286.1 


3A 


9.4 


14.5^' 


4B 


737 


207.6 


5A 


67.9 


<0.1'^> 



CTC 


CTC 


T ecus'** 


4,5 


2- 


2,4 


<0.1 


<o.r> 


<o.r* 


<o.r' 


110.2 


3.2*^ 




1349 


9.5 


<o.r> 


<o.r* 


19.8^> 


672 


<o.r> 


19.9** 


756 


<0.1''> 


<0.1'> 



a) Target cells from the same donor KRO (7 W HTC No. 569 and 
8 W HTC No. 141). 

b) SB type as determined by PLT typing of donor PBMC. 

CI IL2-propagated SB-specific reagents detecting SBl through 5. 
d) Cytotoxicity given in lytic units (25%) per 10 effectors, 
el Regression coefficient <0.9. 
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Figure 1 Kinetic study of restimulation of SB2-specific PLTL 193-2A 
with 10-day-old PLT cells or with PBMC. Cells from replicate experi- 
ments were harvested at different times to follow the time course of 
the response of the SB2-specific reagent 193-2A after restimulation 
with different numbers of specific (SB2*). autologous (SB 1.4 ) or 
third-party (SB4,5^) PBMC or 10-day-old PLT cells. The number of 
responders was constant at 2 x lO'/well. For clarity of presentation 
error bars have been omitted. 



lation at autologous, third-party and specific levels was 
retained by PLT cell stimulation with discrimination compar- 
able to that of PBMC restimulation. Very similar results were 
obtained using responders primed against other SB- or HLA- 
D-associated specificities (data not shown). Thus it may be 
concluded that DR* responder cell populations obtained after 
10 days PLT presem not only HLA-D, but also SB amigens in 
a lymphostimulatory manner. 

3.3 IL2.propagated CTC have lost stimulatory capacity 

3.3.1 IL 2-propagated CTC faU to stimulate primary Ip 
responses 

Data displayed in Table 3 show that IL 2-propagated CTC 
were able to respond to alloantigens but failed to stimulate 
strong primary Ip of normal or cultured T cells. In addition to 
uncloned CTC. which can have a strong suppressive effect 
when added after irradiation to MLC [15], the ability of cloned 
CTC to stimulate was tested. Clone 29-4, with the surface 
marker phenotype shown in Table 1 and known not to sup- 
press primary MLC, nonetheless failed to stimulate LP- Simi- 
lar lack of stimulation was observed using the clone 3»-n, 
which does suppress MLC. 



3.3.2 IL 2-propagated CTC faU to stimulate secondary Ip 
responses 

The ability of IL 2-propagated uncloned as well as cloned CTC 
to stimulate secondary responses of HLA-D- or SB-specific 
reagents was next tested. Fig. 2a shows that neither uncloned 
CTC or PLT-functional clone 29-4 cells nor suppressor clone 
38-15 cells, all of which expressed DR2, were able to restimu- 
late the HLA-D2-specific reagent 49-3; specific PBMC as con- 
trol on the other hand, gave the expected strong restimulation 
responses. Stimulation by CTC was not observed at any time 



Culture durauon 42 h 

Slimutator« 
- PBMC 

o unctor>ed CTC 

• PLT clone ?9 - 4 

♦ suporessor clone 38-15 






Culture duration 

Stimulators 

• PBMC 

o uncloned CTC ' 

• PLT ctooe 29-4 

t suppressor clone 3fl-t5 



» 5 2.5 125 
Number 01 stimulators « 10"* 



66h 






T 10 5 
lx105 stims, 
alor« 



X) 5 25 1.25 
Number ol stimulators « 10" 



II 3735.21 

Figure 2, (a) Kinetic study of restimulation of HLA-Dw2-specific 
PLTL 49-3 with cloned and uncloned cultured T cells. Stimulating cells 
(slims.) in this kinetic study were HLA-Dw2^ PBMC, or alloactivated 
CTC derived from this donor. [^HJdThd incorporation by 1 x 1(F 
stimulating cells in the absence of responding cells is indicated on the 
figure (1 X 10^ stims. alone). pHJdThd incorporation by the respond- 
ing cells in the absence of stimulating cells is depicted by x . Error bars 
show standard error of mean for triplicate cultures. The number of 
responders was constant at 2 x lO'/well. (b) Kinetic study of restimula- 
tion of SB2-specific PLTL 193-2A with cloned and uncloned cultured 
T cells. The stimulating cells in this kinetic study were derived from 
the same SB2"' donor. pHJdThd incorporation by responding cells 
alone is shown as x. The number of responders was constant at 
2 x KX'/well. 
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0.5 2jO 
Number ol resporvdmq cells i H)"* 



Figure 3. Cultured T cells expressing HLA-DR antigens do not stimu- 
late cloned PLT reagents. Clones 29-1 and 30-5 are finely specific foi 
restimulation by HLA-D5-associated determinants. The graph show^ 
their restimulation by the original priming ceil (spec. PBMC), by a 
donor expressing HLA-Dw5 (JR-PBMC) and by CTC derived from 
this donor (JR-CTC). In addition, autologous and third-party PBMC 
are included. All stimulating cells were used at 5 x lOVwell in triplicate 
cultures. 



Culture durotton 42h 



90h 

Stimulotors. 

• • Spectfic PBMC 

o—o Specific B-LCLC 
— Third party PBMC 
Third party B-LCLC 




II i735.M 

Figure 4. Kinetic study of restimulation of SB2-specific clone 62-7 
with normal PBMC or B-LCL. Stimulating cells in this kinetic study 
were SB2^ PBMC or EBV-LCL (specific) and SB4" or EBV-LCL 
(third-party), tested on the SB2-specific clone 62-7. The number of 
responders was constant at 2 x lOVwell. 



Table 3. Failure of IL2-propagated CTC to stimulate primary Ip responses 



Responding cells'** 

A PBMC 

A CTC 
; B PBMC 
• B CTC 



MLC 
6 



20429^> 
±1982 

18632 
±1621 

27375 
±3207 

28562 
±2000 



PLT 
10 



days 



25637 
±2431 

24289 
±1947 

30119 
±1841 

31447 
±3852 



CTC 
33 



1421 

±265 

1002 
± 83 

2322 
±241 

1848 
±92 



CTC 
81 



1018 
±321 

1126 
±112 

1746 
±621 

1999 
±321 



Stimulating cells** 
Clone 
29-4 



946 
±140 

428 
± 58 

1016 
± 98 

821 
±192 



Clone 
38-15 



1316 
±162 

1119 
±247 

2019 
±120 

1416 
±16 



A 
CTC 



828 
±212 

1004 
±260 

1564 
±318 

1464 
±481 



B 
CTC 



DwlHTC i 
PBMC ' j 




a) Stimulating cells at 5 x 10*/well were derived from the same donor as shown in Table 1. with the exception of the Dwl HTC cells and the A 
and B CTC. All were irradiated with 30 Gy prior to culture for 144 h with the responding ceils. 

b) Responding cells at 5 x 10^/well were from donors known to be HLA-D-incompatible with the donors of the stimulating cells. Donor A CTC 
were 15 days old, donor B CTC were 39 days old. These cells were also irradiated and used as stimulators, for additional controls. 

c) Data are presented as mean cpm of triplicate cultures ± standard deviation of the. mean. 
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assay, nor at any stimulating cell dose tested. Not only were 
these DR*" and SB^ uncloned and cloned CTC unable to 
^.^stimulate HLA-D-specific PLT reagents, but as shown in 
piii. 2b they also failed to stimulate the SB2-specific reagent 
igVlA. Similar results have been obtained using PLT re- 
.ponders specific for other HLA-D and SB types (data not 
,hown). Moreover, cloned PLT responders were also refrac- 
lorv to restimulation by CTC, an example of which for two 
jifferent HLA-D5-specific clones is shown in Fig. 3. This was 
^Iso the case with SB-specific cloned responders (data not 
jhown). 

In contrast to the failure to stimulate of strongly DR"" IL2- 
propagated T cells, strongly DR^ and SB^ Epstein-Barr virus- 
(EBV)-transformed LCL restimulated HLA-D- or SB-specific 
cultured PLT reagents very well. This is illustrated in Fig. 4 
using a cloned responder specific for SB2. Similar results were 
obtained with uncloned reagents specific for HLA-D as well as 
HLA-SB antigens (data not shown). 

Fewer B lymphoid cell line (B-LCL) cells than PBMC were 
required to give maximum responses, both for HLA-D- and 
SB-specific responders. Larger numbers of B-LCL were 
inhibitory. In addition, the responses to B-LCL cells seemed 
to peak earlier and terminate earlier. If these considerations 
are taken into account, very good restimulation of both D- and 
SB-specific reagents by B-LCL cells can be obtained. This 
suegests that culture procedures themselves, which would be 
expected to select against nonlymphoid populations having 
accessory cell function, are not responsible for the failure of T 
lymphocytes to stimulate. 



4 Discussion 

It is clear from a number of reports that HLA-DR^ cell popu- 
lations from 6-day or 10-day MLC, consisting mostly of alloac- 
tivated T cells, stimulate LP, and may even present antigen to 
helper cells [7-11]. In contrast, it has been noted that IL2- 
propagated T cells, though strongly positive for DR antigens 
[12], seem to be unable to activate allogeneic lymphocytes 
[15. 22]. This apparent discrepancy has been investigated 
herein, and the results were as follows: 6-day-old MLC and 10- 
day-old PLT cells consisting predominantly of T lymphocytes 
\\ith about 35% and 65%, respectively, of cells staining 
strongly in IIF with monoclonal anti-DR antibodies (Table 1) 
were clearly capable of stimulating proliferation of allogeneic 
but not autologous lymphocytes in primary MLC, and of speci- 
fically restimulating both HLA-D- and SB-specific secondary 
Ip responses. In contrast however, 15- to 81-day-old IL2-prop- 
agated CTC, containing in most cases nearly 100% DR^ T 
cells and expressing SB antigens, shown by their susceptibility 
to SB-specific CML, were unable to stimulate primary Ip 
responses, nor secondary responses of HLA-D- or SB-specific 
cloned or uncloned responders. Kinetics experiments and 
stimulating cell titrations excluded the possibility that different 
culture durations or numbers of cells were required to vi- 
sualize a response. Lack of essential accessory cell population 
for secondary responses as an explanation for this failure was 
made unlikely by the finding that EBV-transformed B-LCL 
cells were excellent stimulators of anti-D and anti-SB re- 
agents. Moreover, the addition to the restimulation cultures of 
surface-adherent cells derived from the responder has not 
been observed to reconstitute a response (Pawelec, unpub- 
lished results). 



It was necessary to be aware of the remarkable suppressive 
capacity, at least in primary MLC. of MLC-derived uncloned 
IL2-propagated CTC [15]. which, under certain circum- 
stances, might be stimulatory but at the same time more 
strongly suppressive, thus obscuring responses. However, 
even using cloned PLT-reactive cells as stimulators, which 
were known not to suppress MLC [23], no positive responses 
were elicited in primary or secondary MLC. Therefore it 
seems clear that suppressor mechanisms were not maskmg 
stimulatory activity. These data indicate that strongly DR^ T 
cells are indeed intrinsically incapable of stimulating LP. 
Results of current experiments aimed at attempting to recon- 
stitute the ability of such CTC to stimulate by adding purified 
exogenous IL 1 and/or IL 2 may be important in answering the 
question of why these DR"" and SB"" cells fail to deliver a 
complete proliferative signal. Alternatively it may be that cells 
inifially responsive to IL2 belong to a subset of T lymphocytes 
intrinsically incapable of triggering Ip responses despite their 
expression of la-like antigens. 

Based on these results one must consider the question* of wh> 
6-day-old MLC or 10-day-old PLT (non-IL2-cultured) cell 
populations do stimulate. Of particular interest in this regard 
is a recent report [24] that the lymphocyte stimulatory popula^ 
tion contained in 6-day-old MLC cells is in fact a DR^ 
"dendritic-hke" non-T cell and that the T cells, even in 6-day 
MLC preparations, themselves do not stimulate. Such dendrit- 
ic cells in mice and man are known to express large amounts of 
la anfigens and to be extremely potent stimulators in MLC 
[25, 26]. The data reported here may indicate that, in addi- 
tion, they express SB andgens. The reason that populations of 
CTC fail to stimulate would then be that they simply lack this 
subpopulation of dendritic-type cells, which do not respond to 
growth factors, and die out in prolonged culture. 

Since la-like antigens on acdvated T cells seem to be incapable 
of stimulating typical LP, the question of their distinct func- 
tional properties remains to be answered. It might be that such 
T cell DR and SB antigens could still possess a special lympho- 
cyte snmulatory capacity, for example highly restricted in the 
nature of the responders that could be activated in autologous 
regulatory lymphocyte circuits. This hypothesis is amenable to 
ongoing investigations using cloned T cells of different defined 
functions as responders and sdmulators. Certainly, little evi- 
dence exists to date to suggest that DR" CTC can stimulate 
proliferadon of autologous PBMC or autologous uncloned 
CTC (Table 3, [15]). Even occasional low-level stimulation 
apparently caused by CTC may be attributable to "carryover" 
of residual mitogen from the conditioned medium by the cul- 
tured sdmuladng cells [15]. However, the possibility also 
remains that certain responding clones could be affected by 
DR or SB andgens in a way not detectable in the [^H]thy- 
midine ([^H]dThd) incorporation assay, because they are too 
rare in heterogeneous populadons, or because they do not 
proliferate. Pure populadons of DR^ and SB"^ human T cells 
should thus be valuable in further dissection of the mechanism 
of lymphocyte stimulation and the regulation of proliferation. 
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1 Introduction 

In recent years, evidence has accumulated indicating that T 
cells recognize antigen in the context of molecules encoded in 
the major histocompatibiUty complex (MHC), Helper T cells 
require the recognition of I region-encoded molecules [1, 2], 
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whereas cytotoxic T cells are restricted to the recognition of 
molecules encoded in the K, L, or D loci [3], This dependency 
on the recognition of MHC-encoded gene products suggests 
that these molecules play a pivotal role in selecting T cell 
specificities during the generation of an individual's T cell 
repertoire. However, several recent reports suggest that not 
all regulatory T cell functions are restricted by the MHC and 
that other molecules, in particular immunoglobulin (Ig), may 
serve as restricting elements in immune responses, Bottomly 
and coworkers found that antigen-specific helper T cells, 
essential in the triggering of TEPC 15"^ B cells in response to 
phosphorylcholine, do not require the recognition of MHC- 
encoded molecules [4, 5]. Yamachi et al. have presented evi- 
dence that certain antigen-specific T cells in suppressor path- 
ways require identity with target cells at the Ig heavy chain 
(Igh) locus but not at MHC [6]. Similarly, Juy et al. have 
shown that suppressor T cells, specific for the MOPC 460 
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Antibody-specific immunoregulation is restricted by the 
major histocompatibility gene complex* 

Experiments were carried out to examine the major histocompatibility complex 
(MHC) restriction of an antibody-specific immunoregulatory function that develops 
following conventional immunization with hapten-carrier conjugates. It was found 
that carrier-primed hosts reconstituted with Ly-2.2'^ T cells from hapten-carrier- 
immunized donors were able to suppress adoptively transferred primary B cells. The 
effective suppression of primary B cell responses was dependent on syngeny between 
the suppressing T cell population and the target B cells at both MHC and Igh. These 
findings indicate that T cells that function through the recognition of B cell antibody 
are restricted in their function by gene products of the MHC, similar to the restric- 
tions observed for the recognition of conventional antigens. 



